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ABSTRACT
In order to determine if zinc affects prostaglandin
(PG) synthesis in rat testes,

a group of rats was fed a zinc

deficient diet and two control groups were pair fed and ad
libitum fed a zinc sufficient diet.

Half of the zinc d efi

cient and pair fed rats were fed diets supplemented with
docosapentaenoic acid (22:5u>6) to determine if low levels of
this acid, observed in the testes of zinc deficient rats,
were responsible for some of the symptoms of zinc deficiency
in the testis.

In the testicular capsule or tunica, 6 -keto-

PGF-^a (metabolite of P G ^ )

and PGE2 levels

(ng/gm) were

lower in zinc deficient rats compared to controls, but there
was no difference when PG concentration was expressed as
ng/mg tunica protein.

In the testis parenchyma,

zinc defi

cient rats had higher levels of P G s , probably due to
increased levels of the precursor,

arachidonic acid.

The

capacity of tunica to synthesize PGs was greater than that
of parenchyma and in both tissues 6 -keto-PGF-^ levels were
much higher than those of PGE2 .

Decosapentaenoic acid sup

plementation had no effect on testis weight, PGs or sperm
counts.

It also had no effect on 22:5<o6 concentration in

testes lipids implying that the level of supplementation was
too low to have an effect,

if any, on the testes.

It was

concluded that zinc affects PG levels in the testes, but
only indirectly,
levels.

through an effect on protein and fatty acid

It was also concluded that P G I 2 was the major PG
vi

produced by the testis implying that this PG may have an
important function in that organ.

vii

INTRODUCTION

Prostaglandins

(PGs) are a group of 20 carbon fatty

acids with a cyclopentane ring, derived from essential fatty
acids especially arachidonic acid.

Since the original

discovery of prostaglandins in human seminal plasma by
Goldblatt

(1) and Von Euler (2), and the isolation and

characterization of two classes of prostaglandins,

PGE and

PGF, from sheep vesicular glands by Bergstrom and coworkers
(3,4),

several other d e r i v a t i v e s .of arachidonic

(eicosatetraenoic)

acid have been discovered.

Among these

are thromboxanes, prostacyclin and leukotrienes

(5).

All of

these substances that are derived from arachidonic acid are
often collectively referred to as eicosanoids and their
synthetic pathways

(shown in Figure 1) are referred to as

the arachidonic cascade

(6 ).

It is now known that virtually all animal cells are
capable of synthesizing prostaglandins or other eicosanoids,
the kinds and amounts varying with the species and type of
tissue.

Much of the early work in this area was hampered by

the fact that prostaglandins are not stored.
synthesized when and where they are needed,
amounts,

They are
in very small

and rapidly metabolized or inactivated.

their physiological effects are very diverse (5).
PGF0

la

Also,
PGE and

induce contraction of smooth muscle and have a

vasodepressor effect

(7).

Thromboxane A 2 (TXA£)

is the

major eicosanoid synthesized by platelets and has an

1

FIGURE 1.

THE ARACHIDONIC CASCADE.
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important role in inducing platelet aggregation.
metabolized to thromboxane B 2 (8).

It is

Prostacyclin ( P G ^ ) ,

synthesized by the endothelial cells of arteries and many
other tissues,

opposes the action of thromboxane, having a

potent effect in preventing aggregation and also has
hypotensive action (9).

It is extremely unstable and

rapidly metabolized to 6-keto P G F ^ .

It is believed that

maintenance of a healthy vascular system requires a proper
balance between thromboxane and prostacyclin levels

(6).

These eicosanoids are the products of the endoperoxide
metabolite P G G 2 , derived from arachidonic acid, by the
action of the enzyme c yclooxygenase.
enzyme,

lipoxygenase,

The action of another

on arachidonic acid results in the

production of leukotrienes.

These have been identified as

the Slow Reacting Substance of Anaphylaxis,
to be implicated in the allergic response

and are thought

(6).

All of these physiologically important compounds are
derived from arachidonic acid (2 0 :4016)* which has to be
supplied to the animal,

either preformed,

or in the form of

its precursor linoleic acid (18:2a)6), as animals have lost
the ability to synthesize this fatty acid (10).

Linoleic

* The first number indicates the number of carbon atoms,

the

second the number of double bonds,

and the third, the

position of the first double bond,

counting from the methyl

(w) end of the molecule.

4

acid is therefore considered an essential nutrient in animal
diets.

It is desaturated and elongated to form fatty acids

that serve as prostaglandin precursors

(Figure 2).

Most of the arachidonic acid is incorporated into
tissue phospholipids and cholesterol esters.
released by the action of p h o s p h o l i p a s e .

It has to be

Free rather than

esterified arachidonic acid is the direct precursor of
prostaglandins.

Availability of free arachidonic acid is

thus an important factor in prostaglandin biosynthesis

and

there is evidence that other nutrients can also affect
biosynthesis of PGs.

Prolonged ingestion of ethanol induced

rat platelets to be hyperactive in synthesizing
prostaglandin endoperoxide metabolites

(11).

Vitamin E has

been shown to inhibit the oxygenation of arachidonic acid by
cycl o o x y g e n a s e , in a preparation of sheep vesicular gland
(12).

Hwang and Donovan (13) found that vitamin E

deficiency slightly stimulated the formation of endoperoxide
metabolites in rat platelets without affecting the formation
of the lipoxygenase product.
In recent years it has been suggested that zinc may
also affect prostaglandin metabolism,

either directly

or

indirectly through a role in lipid metabolism, particularly
the metabolism of the essential fatty acids.
(14)

Bettger et al.

noted that there were several similarities between the

symptoms of zinc deficiency and essential fatty acid
deficiency.

Both are characterized by growth retardation,

skin lesions and reproductive disorders in male and female

5

FIGURE 2.
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rats.

They found that zinc deficiency accentuated the

symptoms of essential fatty acid deficiency in rats and
suggested that zinc was involved in the metabolism of
arachidonic acid, possibly by decreasing it catabolism.
Abnormal metabolism of essential fatty acids has been
reported in patients wit h acrodermatitis enteropathica, an
inherited disorder characterized by impaired intestinal
absorption of zinc
O'Dell et al.

(15).
(16) reported that aspirin,

an inhibitor

of prostaglandin synthesis, had effects similar to that of
zinc deficiency in pregnant rats.

Both aspirin toxicity and

zinc deficiency caused extended gestation periods, with
difficult and prolonged parturition,

excessive bleeding and

low blood pressure and rectal temperature,
for zinc in prostaglandin metabolism.

suggesting a role

Gordon and O'Dell

(17) found that zinc deficient male rats also exhibited a
bleeding tendency, which was restored to normal by a single
intragastric dose of zinc.
O'Dell

Subsequent studies by Gordon and

(18) indicated that the increased bleeding time in

zinc-deficient rats resulted from impaired platelet
aggregation that might be due to defective arachidonic acid
metabolism.

Impaired platelet aggregation was also found in

zinc deficient human subjects by Gordon et al.

(19).

These studies provided only indirect evidence for a
possible role for zinc in prostaglandin metabolism,

as

actual levels of prostaglandins were not measured.

Meydani

and Dupont

(20) determined prostaglandin levels in different

7

tissues of zinc-deficient and pair-fed rats.

They found a

decrease in prostaglandin concentration of gut contents in
zinc deficient rats, without any change in their mucosal
concentration,

suggesting an active process of prostaglandin

secretion involving zinc.

In addition,

the levels of the

metabolite of PGF2a was increased in the blood of zinc
deficient rats,

implying that zinc might be involved in its

degradation.
The testes of the zinc deficient rats were not examined
in the above mentioned studies.

Hypogonadism is a prominant

feature of severe zinc deficiency in males of many species
including humans

(21).

Also, Bieri and Prival

(22) found an

alteration in the fatty acid composition of the testes of
zinc-deficient rats.

Arachidonic acid was increased and

docosapentaenoic acid (22:5^6)

levels were decreased.

This

result has been confirmed by a preliminary study in our
laboratory.

Since availability of precursor acid is an

important factor in prostaglandin synthesis,

it is possible

that synthesis of prostaglandins is altered in the testes of
zinc-deficient rats.
The first objective of this study therefore, was to
determine whether the increased levels of arachidonic acid
in the testes of zinc deficient rats results in altered
levels of prostaglandins.

A second objective was to

determine if the decreased levels of 22:5oi6 are related to
some of the symptoms of zinc deficiency in the testes.

This

was accomplished by feeding a fatty acid mixture containing

8
approximately 10 percent 22:5w6,
testicles,

obtained from dog and pig

to some zinc-deficient rats and controls,

to

determine whether it might alleviate some of the symptoms of
zinc deficiency in the testes.
The biological importance of zinc is primarily due to
its role as a cofactor in many vital enzyme systems such as
alkaline phosphatase,

carbonic anhydrase and DNA-dependent

RNA polymerase (23).

It had been assumed that the symptoms

of zinc deficiency such as skin lesions,

anorexia, growth

retardation and impaired wound healing were due to
impairments in the activities of the zinc metalloenzymes.
However,

Bettger and O'Dell

(24) have pointed out that among

the large number of zinc m e t a l l o e n z y m e s , the activities of
only a few are significantly depressed in severely zinc
deficient animals

(25,26).

Also the symptoms of zinc

deficiency appear rapidly after the onset of zinc
deprivation, when the only tissue to show a fall in the
concentration of zinc is the plasma.

They believe that zinc

must have a role other that of an enzyme cofactor and
present evidence in a review (24) that suggests zinc plays a
role in the maintenance of membrane structure and function,
and thus could influence carbohydrate, protein and lipid
metabolism.
The male reproductive system contains high levels of
zinc whose role is not completely understood.

The marked

underdevelopment of the testis in zinc deficiency has been
attributed to defective protein synthesis and androgen

9
secretion

(21).

However,

22:5cu6 levels are also decreased

in the testes of zinc-deficient rats.
discussion,

In view of the above

it seemed important to carry out a study to

determine whether some of the effects of zinc deficiency in
the rat testis are mediated through prostaglandin and fatty
acid, particularly 22:5w6, metabolism.
The decline in physical activity in the United States
and the interest in weight control has caused many
individuals,
consumption.

including children,

to reduce their food

This has caused some concern that intake of

trace elements,

such as zinc, may decline.

Before the

significance of marginal intakes of zinc in human diets can
be fully evaluated,

it will be necessary to understand more

completely the metabolic role or roles of this element.

REVIEW OF LITERATURE

The Role of Zinc in the Testis
The testes are the organs in the male reproductive
system responsible for production of the spermatazoa and the
male hormone testosterone, which is necessary for
spermatogenesis and the development of the secondary sexual
characteristics

(27).

Each testis is surrounded by a

capsule called the tunica albuginea, which contains the mass
of seminiferous tubules and interstitial cells,
referred to as the testis parenchyma.

often

The tubules are lined

by the germinal epithelium which, by continuous division,
provide cells called the spermatogonia.
spermatocytes,

These develop into

spermatids and finally spermatozoa.

The

developing spermatids tend to cluster around large cells
called Sertoli cells which are thought to provide
nourishment.

Testosterone is secreted by clusters of cells

called the interstitial cells of Leydig located between the
seminiferous tubules

(28).

The relatively large amounts of zinc in the male
reproductive system and its secretions had been noted by
many investigators

(21,29),

suggesting a role for zinc in

the proper functioning of that system.

This was confirmed

by the finding that zinc deficiency resulted in depressed
testicular development and spermatogenesis in the males of
many species,

including man

(30).
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Millar et al.

(31) first described testicular damage in

zinc deficient rats.

They noted that in addition to

depressed body growth,
testes,

epididymes,

glands were retarded

the growth and development of the

accessory sex organs and pituitary
and that there was severe atrophy of

the testicular germinal epithelium in man y cases.

They were

able to reverse the effects of zinc deficiency on the
reproductive system, provided atrophy of the germinal
epithelium had not occurred.
Millar et al.

In a subsequent study by

(32), zinc-deficient rats were injected with

testosterone or gonadotrophins to determine whether
depressed production of gonadotrophins by the underdeveloped
pituitary,

and the consequent fall in androgen production,

was responsible for the atrophy of the male sex organs.
They found that the decreased growth rate of the immature
testes in the zinc-deficient rats could be reversed by the
hormone t r e a t m e n t s , but the tubular atrophy and failure of
spermatogenesis could not be prevented.
conclude that during early development,

This led them to
the testis is

dependent more on an adequate rate of gonadotrophin and
androgen production, but that in the mature testis,

zinc is

essential for normal structure and function, probably due to
the large amounts required for sperm production.
Lei et al.

(33) tested Millar et al's hypothesis by

administration of luteinizing hormone releasing hormone
(LHRH) to zinc-deficient and restricted-fed controls.
found that serum luteinizing hormone (LH) and follicle

They

12
stimulating hormone

(FSH) were higher and serum testosterone

lower in zinc-deficient rats.

They concluded that

gonadotrophins cannot prevent the effect of zinc deficiency
on the testis and that steroid synthesis in the testis is
altered in zinc deficiency.

Lei et al. used 6 -week-old rats,

maintained for 6 weeks on a zinc-deficient diet, and the
testes might have atrophied to the point that androgen
production is impaired.
Differences in the age of the rats used and the
duration of the deficiency period seem to account for the
conflicting reports of the reversibility of the testicular
damage, by zinc repletion,

in zinc deficiency.

Barney et al.

(34), using weanling rats fed a zinc-deficient diet for 44
days,

found that zinc repletion reversed the esophageal

parakeratosis, but not the testicular damage.
Diamond et al.

However,

(35) found that weanling rats after 28 days on

a zinc-deficient diet,

developed esophageal and testicular

lesions that were completely reversed after zinc repletion
for 15 days.
Mason et al.

(36) showed that the reversibility of

testicular damage in zinc-deficient rats depended on the
sexual maturity of the animals.

Weanling rats fed a zinc-

deficient diet for 26 days, when hemi-castrated,

showed a

general immaturity of the testis and varying degrees of
degeneration compared to controls.

After zinc repletion,

the remaining testes and sperm counts were found to be
normal in all previously zinc-deficient animals.

In a

13
second experiment,

they maintained weanling rats for 6 weeks

on a zinc-sufficient diet,

and after examining the testes of

a few to confirm sexual maturity,

fed the post-pubertal

animals a zinc-deficient diet for 68 days.

The wide range

of testicular damage that occurred could not be reversed by
42 days of zinc repletion.
In r a t s , the onset of puberty begins around 30 days and
sexual maturity is reached at about 60 days of age (3 7 ).
The requirement for zinc in the mature rat testis is thought
to be due to the large amounts required for incorporation
into spermatazoa and for the maintenance of the germinal
epithelium (21,32).

This is supported by the fact that

testicular zinc concentrations in the rat increase when the
spermatids first appear during puberty (38).
Gunn et al.

(39) showed that the ability of the mature

rat testis to take up zinc was under hormonal control,

as

the testes of hypophysectomised rats took up less ^ Z n

than

those of controls.

A positive correlation between zinc and

androgen content was also reported by Suescun et al.

(40).

The function of the large amount of zinc incorporated
into spermatozoa is not well understood.

In the rat

spermatazoan the zinc is concentrated in the tail

and

Calvin (41) has found that the zinc is associated with
cysteine-rich sperm proteins.

They appear to be required to

stabilize, by half cystine bridges,
differentiated sperm structures.

a variety of highly

Dinsdale and Williams

(42.)

found abnormalities in the microtubular components in the

14
sperm tails of zinc-deficient rats and suggested a possible
role for zinc in the assembly of the microtubules.

This

might impair the motility of the spermatazoa, but the major
cause of reproductive failure in zinc-deficient male rats is
the atrophy of the germinal epithelium and impaired
spermatogenesis.

Hesketh (43) suggested that zinc might

also be involved in the production of testosterone as Leydig
cells,

from the testes of boars fed a zinc-deficient diet

for 8 weeks, were smaller than those from controls.
addition,

In

their cytoplasm stained weakly, had many fat

droplets and the smooth endoplasmic reticulum was found to
be reduced and disorganized.

Testicular Fatty Acids
The first detailed study of the fatty acid composition
of lipids from the testes was carried out by Bieri and
Prival

(44).

They determined the amount and composition of

testicular lipids from the most common laboratory animals
including man.
rabbit,

They found that the rat, mouse, hamster,

dog and chicken had a testicular lipid content which

ranged from 1.8 to 2.3 %, with guinea pig having the
highest
amounts.

(3.4 %) and man the lowest

(1.6 %)

Phospholipids ranged from 64-86 % of total

lipids except in guinea pig

(41 %) and man

Their analysis as well as that of others

(56 7„).

(45), showed that

each species had a characteristic fatty acid pattern,
especially of the 22 carbon fatty acids.

Rat,
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hamster, rabbit,
acid

(2 2 :5 co 6 )

dog and boar had 10-14 1 docosapentaenoic

and low amounts of docosahexaenoic acid

( 2 2 : 6 a ) 3 ) ;

mouse and guinea pig and bull had similar amounts

of

and

22:5(d 6

amount of

2 2 :5 o )6

and no

(2 2 :4 (d 6 )

humans had

22:6<d3;

8 . 5

7
>

and negligible

22:6u )3

and chicken 10 7, docosatetraenoic acid
2 2 :5 a )6

or

22:6<i)3.

Studies of changes in the lipid composition of rat
testes during maturation

( 4 6 )

showed that there was an

increase in the concentration of
weeks.

2 2 :5 a )6

between

4

and

7

This is the period that the testis is undergoing

maturation as morphological studies have shown that during
this period the Sertoli cells mature,

the Leydig cells

increase their activity

and the spermatids appear and

develop into spermatazoa

( 4 7 ) .

There was no significant

change in the concentration of arachidonic acid (20:4to6 X,
which is the precursor of

22:5<d 6,

suggesting that during

maturation there is a change in the regulation of the
biochemical pathways involved in the synthesis and turnover
of

20:4(d 6

and

2 2 :5 id 6

( 4 7 ).

Davis et al.

( 4 6 )

have observed

that the increase in

2 2 :5 id 6

in the maturing rat takes place

only in the testis.

They have suggested that the lipid

taken up by the spermatids when they are embedded in the
Sertoli cell cytoplasm may be rich in

22:5a>6

and be required

for certain sperm structures.
The importance of testicular lipids,

especially

was emphasized in studies by Bieri and Andrews
Carpenter

( 4 9 )

( 4 8 )

2 2 :5 o )6 ,

and

who found that there was a decrease in lipid,
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particularly phospholipid in the testes of vitamin Edeficient rats and these also showed a degeneration of the
germinal epithelium.

In addition,

there was a marked change

in fatty acid composition, with 20:4u>6 concentrations
increased and 22:5u>6 levels lowered to about two-thirds of
normal values.

To determine if other nutritional

deficiencies, which produce testicular damage, would result
in similar changes in fatty acid composition, Bieri and
Prival

(22) determined the effect of zinc and retinol

deficiencies on the lipid composition of rat testes.

They

found that similar to the vitamin E-deficient testes, both
the zinc- and retinol-deficient testes had lowered levels of
22:5a)6.

However,

20:4w6 levels were increased only in the

zinc-deficient testes and remained unchanged in those of the
vitamin A-deficient rats.
The fact that conditions which result in decreases of
22:5w6 levels are also accompanied by degeneration of the
germinal epithelium and impaired spermatogenesis underscores
the importance of 22:5<o6 in the testes.

This led many

investigators to study the origin and metabolism of this
fatty acid in the testes
injections of

(50-53).

Using intratesticular

labelled substrates,

it was determined

that 20:4a)6 was formed predominantly by de novo synthesis
and that 22:5<d6 was synthesized in the testis by direct
elongation of 20:4 id6.

The desaturation takes place after

the elongation, however an alternate pathway, where the
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desaturation takes place before the elongation, was also
possible.
Since testicular lipids are unique in their high
content of 22 carbon fatty acids,

the fatty acid content of

various fractions of the testes have been examined in order
to determine their possible role in the testis.

It was

found that spermatids contained large quantities of 22:5<o6
(54), whereas spermatocytes and Sertoli cells contained much
lower concentrations

(55) and Leydig cells only small

amounts of 22 carbon acids
the rat testis,

(56).

This establishes that,

in

22:5o>6 is primarily associated with the

spermatids and suggests that the major role for this fatty
acid is probably in the development of the spermatid.
was confirmed by Davis and Coniglio

This

(57) who showed that

treatments such as cryptorchidism (where the testis is
damaged by high temperatures)

or cadmium administration,

which causes atrophy of the germinal epithelium and
disappearance of the spermatids,
concentration of 22:5w6.

result in a decrease in the

However,

treatments with

antispermatogenic d r u g s , which reduce the number of
spermatogonia and spermatocytes, but not spermatids,
result in decreased 22:5w6 levels.

did not

Coniglio et al,(58)

also

showed that Quacking mice, who are sterile due to faulty
spermatid differentiation, had normal amounts of 22:5u)6 and
22:6o>3 compared to control mice.

They claim that these

findings are consistent with the hypothesis that the primary
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function of the 22 carbon polyenoic fatty acids in the
testes is in the spermatids.
Beckman et a l . (54) have speculated on the nature of the
role of 22 carbon fatty acids, particularly 22:5cu6, in
spermatogenesis.

They consider it possible that it may be

converted to arachidonic acid, by retroconversion, for
prostaglandin synthesis,
like compounds itself.

or be converted to prostaglandin
However,

they consider it more

likely that the 22 carbon fatty acids have a structural role
in spermatids.

Ayala and co-workers

(59,60)

showed that 22

carbon fatty acids of the io3 series could functionally
replace 22:5 oj6 in rat testes.
fish oil in the diet,

When 22:6w3 was provided by

it resulted in a decrease in 22:5to6

and an increase in 22:6w3 in rat testes, but the development
of the germinal epithelium was normal.

This supports the

vie w that the role of 22 carbon fatty acids in spermatids is
probably structural, rather than as precursors for PG-like
comp o u n d s .

Prostaglandins in the Testes
The large amounts of prostaglandins

(PGs)

in the

secretions of the male reproductive system are primarily
produced in the seminal vesicles

(7), but Carpenter

(61)

noted that the testes had a large concentration of polyenoic
fatty acids that could serve as precursors of PGs.
testes from immature and adult rats,

Using

she extracted, purified

and fractionated acid soluble lipids, adding tritiated PGs
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to moniter recoveries and facilitate identification.

PGs

were identified by chromatography and UV spectroscopy.
results indicated the presence of PGs

The

and that P GE 2 and

P G F2 a may be the primary types in testes.

PGE, PGF

and

some PG metabolites were also detected.
The presence of PGs and PG metabolites suggested that
PG synthesis and metabolism was taking place in the testes.
To discount the possibility that prostaglandins might be
synthesized elsewhere and transported to the testis,
Carpenter et al.

(62) injected

linoleic acid into the

testes of rats.

They found that the labelled linoleic acid
-1

/

was readily elongated and desaturated and
PG E 0 and P G F 0
I

C labelled PGE,

could be recovered and identified from the

La

testis extract.

Thuy and Carpenter (63) detected the

presence of PGE2~9-keto reductase, which catalyzes the
conversion of PGE2 to PGF2 a , in the cytoplasmic and
microsomal fraction of rat testes.

These findings confirmed

that PG synthesis and metabolism took place in the testes.
Since C arp e n t e r ’s report

(61) of the presence of PGs in

rat testes, PGs have been found in the testes of several
other species

(64).

Carpenter et al.

(65) extracted PGs and

PG metabolites from human testes microsomes.

They also

found that microsomes from human testes could convert both
endogenous and exogenous substrates to prostaglandins.
Also, PGE2~9-keto reductase was present in the cytosolic and
microsomal fraction of the human testis.

The isolation,

identification and quantitation of PGs in swine testes was
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described by Michael

(66).

He concluded that swine testes

contain the major PGs, P G E ^ , PGE2 , PGF^

and P G F 2

determined amounts present as total PGE or PGF.
al.

(67) found high concentration of PGF0

Za

and

Poulos et

in the testicular

fluid of r a m s , considerably in excess of that found in the
plasma.

Christ and Van Dorp

(68) found prostaglandin

synthetase activity in a wide variety of vertebrate and
invertebrate tissues,

including rabbit and cock testes.

Most of these studies do not seem to have distinguished
between the testicular capsule and parenchyma.

This may be

important as Gerozissis and Dray (69) showed that the
capsule contained PGE2 and PG^ct in concentrations about 100
times greater than the parenchyma.

PG synthetase activity

in the isolated intact capsule was demonstrated by
incubating it in a phosphate buffer containing 20 mg
arachidonic acid.
It has been suggested that PG production by the testes
may be under androgenic regulation (70).

This has been

supported by Badr (71) who found that treatment of immature
mice with testosterone resulted in significant changes in PG
concentrations in most tissues of the male reproductive
system,

including the testes.

However, Haour et al.

(72)

found no difference in P G E 0 and P G F 0 levels between the
2
2a
decapsulated testes of hypophysectomized rats and controls,
indicating that PG secretion is not directly linked to
testosterone production.
not modify PG levels.

Also testosterone injections did

These conflicting results could be
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due to differences in the species used,

the PG examined,

the

maturity of the animal and whether or not the testicular
capsule was included.
There has been considerable speculation about the
biological significance of prostaglandins in the testes.
Several investigators have suggested that PGs can cause
contractile elements in the seminiferous tubules and
testicular capsule to contract to propel the non-motile
spermatazoa into the epididymis, where they first attain
their motility

(73).

contractile frequency,
seminiferous tubules,

Farr and Ellis

(74) measured

size of contraction and tone of rat
in vitro,

exposed to various agents.

Their data led them to suggest that PGs, cyclic nucleotides
and testosterone could help in transporting sperm, out of
the testes, by modulating contractility of seminiferous
tubules.

PGF0

Za

capsule and PGE,

causes contractions of the rat testicular
causes it to relax (64), indicating that

PGs are involved in the physiological control of the
contractile cells in the capsule.

Hargrove et a l . (37) found

that of all PGs tested, P G E ^ , PGE2 , PGF2 and PGF2a>
increased tone and phasic contractions in isolated rabbit
testes.

They did not believe that ciliary action, also

suggested as a means of sperm transport, was sufficient to
move testicular sections,

and suggested that contractions of

the tunica and seminiferous tubules were more important.
Thus, a function of PGs in the testes may be in the
maintenance of the pressure within the organ and to move the
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spermatazoa into the epididymis but the major function of
PGs in the testis remains to be elucidated.

There has been

no investigation of PG synthesis in the testes of zinc
deficient rats.

Also,

the presence of prostacyclin or its

metabolite 6 - k e t o - P G F ^ have not been reported in testes.

MATERIALS AND METHODS

Preparation of Corn Oil

(CO) Diets

The composition of the zinc deficient basal diet made
with corn oil is given in Table 1.
carbonate,

The egg white,

calcium

choline chloride, mineral mix and sucrose were

mixed in a stainless steel Hobart Model A20Q FD mixer for 20
minutes.

Then the corn oil, vitamin mix and biotin were

added and the diet m ixe d again for an additional 20 minutes
until well blended.

Three Kg batches were prepared at a

time and stored in clean plastic bags at 4°C.
Egg white was used as the protein source because of its
low zinc content of 2-3 ppm (75).

Sucrose was the major

energy source as it also contains neglible amounts of zinc
(21).

Calcium carbonate is added to experimental diets

designed to induce zinc deficiency in rats

(76) as calcium

is believed to form in soluble complexes with any zinc in
the diet and reduce its availability (77).

Additional

biotin is added to egg white based diets to counteract any
avidin which might be present

(76).

To prepare the zinc sufficient diet,
ground into a fine powder.

ZnSO^:7H20 was

Exactly 0.44 g ZnSO^/kg of zinc

deficient diet were immediately weighed out and mixed well
with a portion of the previously weighed out zinc deficient
diet.

The rest of the diet was then added, mixed in the

mixer until well blended,
4°C.

and stored in plastic bags at

This gave a diet with a zinc content of approximately

100 ppm which is adequate for rats as their zinc requirement
23
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Table 1

COMPOSITION OF ZINC DEFICIENT BASAL DIET

Ingredient

Percent

Spray Dried Egg White'*'

20.0

i—1
O
i—1 o

Calcium Carbonate
Choline Chloride
Zinc Free Mineral M ix

1 2
’

Sucrose

62.9

Biotin "*■
Vitamin Mix

4.0

0.001
1 3
’

2.0
10.0
lTTO.0TTT

Corn Oil"^

^ICN Pharmaceuticals,

Inc., Cleveland, Ohio.

7
TM
AIN Mineral Mixture 76
(Zinc was omitted, J . Nutr.
107:1340-1348, 1977).
per kg; vitamin A, 900,000 IU; vitamin D, 100,000 IU,
dl-a-tocop her ol , 5g; asorbic acid; 45g; inositol,
l.Og; choline chloride, 75.0g; menadione, 2.25g;
para-aminobenzoic acid; 5.0g; niacin, 4.5g; r ibo
flavin, 1.0; pyridoxine hyc hr o c h l o r i d e , l.Og; thiamine
hydrochloride, l.Og; calcium pantothenate 3.0g;
biotin, 0.02g; folic acid, 0.09g; vitamin
1.35
mg.
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is around 12 ppm when the protein source is casein or egg
white

(75).

Preparation of Testes Lipid (TL) Diets
Pig testicles were obtained from a slaughter house and
dog testicles from the LSU School of Veterinary Medicine,
local veterinarians

and the Animal Control Center.

The

testicles were stored at -20°C, until the lipids were
extracted by the method of Bligh and Dyer (78).

This method

was developed for 100 g of tissue containing 80% water.
Since testes contain 90% water (27) , 89 g batches of testes
were used in each extraction.

The thawed testes were

homogenized in a heavy duty Waring blender with a stainless
steel jar

for 10 minutes with 300 ml of a solvent

containing chloroform, methanol and butylated hydroxy
toluene

(1:2:0.03%).

Chloroform (100 ml) was added and the

mixture blended for an additional minute.

This was repeated

after the addition of 100 ml of distilled water.
homogenate was filtered through a Whatman No.
in a Buchner funnel with a slight suction.

The

1 filter paper

The residue and

filter paper were reblended with 100 ml of chloroform and
filtered through the Buchner funnel again.

The blender jar

and residue were rinsed with 50 ml chloroform and the
filtrate transfered to a 500 ml separatory funnel.
separation was complete,

in a few hours,

When

the lower phase was

drained into a round bottomed flask and the solvent
evaporated in a rotary evaporator.
transferred to 10 ml vials,
and stored at -20°C.

The lipids were

flushed with nitrogen,

capped
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When lipids from about 3 kg
had been extracted,

of dog and pig testicles

they were purified by saponification to

remove sterols, fat soluble vitamins,

etc. and the fatty

acids were converted to the ethyl esters by a method
obtained from the Supelco Company.

The procedure was

carried out in the dark, under nitrogen,

to minimize

destruction of the polyunsaturated fatty acids.

App ro xi

mately 15 g batches of testes lipids were placed in a 250 ml
conical flask with a large magnetic stirrer.

Fifteen ml 40%

KOH in ethanol were added and the mixture heated in a
80-85°C water bath, with stirring,

for 10 minutes.

After

the addition of 150 ml each of water and petroleum ether,
the mixture was transferred to a 500 ml separatory funnel,
inverted to mix and allowed to stand for 30 minutes.

A few

drops of acetone were added to facilitate the separation.
The petroleum ether layer containing the non saponifiables
was discarded and 15 ml 50%
aqueous layer.

were slowly added to the

Free acids appeared as an oily layer on top

and were extracted with 150 ml petroleum ether.

Most of the

petroleum ether was then removed by evaporation in a rotary
evaporator.

The fatty acids were then converted to the

ethyl esters by adding 60 ml 10%

in ethanol and

heating the mixture for 60 minutes in a 70-80°C water bath,
with continuous stirring.

Ethanol was added to keep the

volume and temperature constant and prevent the oxidation of
the fatty acids.

The mixture was cooled by the addition of

75 ml distilled water and the ethyl esters extracted twice
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with 75 ml petroleum ether.

I^SO^ was removed by washing

5-6 times with 75 ml distilled water, until the pH was
above A.5.

The petroleum ether was evaporated in a rotary

evaporator and the lipids were transferred to 10 ml vials,
flushed with nitrogen,

capped and stored at -20°C.

The

fatty acid composition of each batch was determined by gas
chromatography.

The ethyl esters from pig testes lipid

contained approximately 11% arachidonic acid (20:4c6) and 8%
docosapentaenoic acid (20:5w6).

The dog testes lipids

contained approximately 12% 20:4w6 and 13% 22:5io6.
After complete removal of all solvent by evaporation in
a rotary evaporator and then with a stream of nitrogen,

60

g of testes lipid ethyl esters were mixed with 540 g corn
oil.

The lipids were mixed in a large beaker with a

magnetic stirrer in the dark under nitrogen.

This lipid

mixture was used to make 3 kg of zinc deficient and zinc
sufficient diet each.

The diets containing the testes

lipids were stored in plastic bags at -20°C.
sufficient for 1 week were removed and stored,
plastic bags,

Amounts
in smaller

at 4°C as needed.

Determination of Zinc Levels in the Diets
Zinc levels in the zinc deficient and zinc sufficient
diets were determined by the AOAC method for minerals in
foods by atomic absorption spectrophotometry (79).
Duplicate 0.25 g samples of diet were weighed into beakers
and digested by heating with 2.5 ml concentrated nitric
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acid, on a hot plate,
clear,

for about 2 hours. When the digest was

it was diluted to 50 ml with deionized water in a

volumetric flask.

The zinc level was determined by

measuring absorption at 213.9 A with a Perkins Elmer Model
305 B atomic absorption spectrophotometer

using an air

acetylene

flame.

A 1000 ppm zinc stock solution was diluted

to make 6

standards in the range 0.2 to 1.2 ppm and

deionized

water was used as the blank. The analyses

confirmed

that the zinc deficient diets contained less

than

1 ppm zinc and the zinc sufficient diets approxi- mately 103
ppm zinc.

Fatty Acid Composition of the Diet Lipids
Lipids were first extracted from the diets by the
method of Folch et al.

(80).

One gram of diet was shaken

for 3 minutes with 20 ml of a solvent containing chloroform,
methanol and BHT (2:1:0.02%).
the dark for 20 minutes,

After allowing it to stand in

the mixture was poured through a

filter paper into a 125 ml separatory funnel and 4.2 ml
0.58% NaCl was added.
contents well,

The funnel was shaken to mix the

stoppered,

covered with foil and allowed to

stand for about 24 hours for complete separation of the
aqueous and non aqueous phases.

The lower phase was then

drained into a round bottomed flask, most of the solvent
evaporated in a rotary evaporator,
to a large test tube.

and the lipids transfered

The lipids were then saponified and

methylated by the method of Morrison and Smith (81).

One ml

0.5N KOH in methanol was added and the tube heated in a 8 5 °C
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water bath for 6 minutes.

After cooling 1 ml 0.7N HCl and 3

ml boron trifluoride in methanol were added and the tube
heated for an additional 6 minutes in the water bath.

Six

ml saturated NaCl were then added and the methyl esters
extracted by shaking with 4 ml of hexane.

After achieving

complete separation of the layers by allowing the tubes to
stand in the dark for 30 m i n u t e s , the hexane layer was
transferred to a small test tube.

Approximately 0.5 gm

N a 2SO^ were then added for complete removal of moisture.
The hexane was transfered to a GC vial and concentrated by
evaporation under a stream of nitrogen.
flushed with nitrogen,

The vials were

capped and stored at -20°C.

Fatty

acid composition was determined by injecting 1-2 yl into a
Hewlett Packard 3830 A gas chromatograph with a 3.8 m stain
less steel column packed with 10% Silar-10 C coated on
gaschrom (80-100 mesh).

Temperatures at the injection port,

column and hydrogen flame ionization detector were 250,
200 and 300°C, respectively.

The flow rate of the carrier

gas nitrogen was 40 yl/minute.

Individual fatty acid methyl

esters were identified by comparing the retention times with
those of a standard fatty acid methyl ester mixture
obtained from Supelco,

Inc.

(Bellfonte, PA

16823).

(PUFA 2)
The

fatty acid composition of the CO and TL diets are shown in
Table 2.

All reagents and solvents were reagent grade.
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Table 2
FATTY ACID COMPOSITION OF CORN OIL (CO) AND TESTES LIPID
(TL) DIETS

(AS PERCENT OF TOTAL FATTY ACIDS)

Fatty Acid

CO DIET

16:0
*
16: ltd?
18:0
18 r1<o 9
18: 2^6
18:3^6
18:30)3
20:0
20 :2u) 6
20: 3u) 6
20 :4oj 6
20:5w3
22: 4w 6
22: 5u) 6
22:50)3
22: 6w 3

11.11
0.03
1.93
25.43
58.65
0.64
1.16
0.12
0.23
--0.02
0.20
0.06
--0.05
0.18

The
the
the
the

TL DIET
12.60
0.47
2.42
25.40
55.54
0.58
0.97
0.01
0.04
0.15
0.73
0.10
0.20
0.58
0.01
0.18

first number indicates the number of carbon atoms,
second the number of double bonds and the third,
position of the first double bond, counting from
methyl (u>) end of the molecule.
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Precautions Against Zinc Contamination
All equipment used in preparation of the diets, housing
and feeding of the animals and in the collection,

storage

and analysis of the samples was treated to remove zinc,
stored covered,

and handled with plastic gloves to minimize

zinc contamination.
water bottles,

tubes,

Metal and plastic items such as cages,
etc. were soaked in a 1:20 solution of

an EDTA containing detergent
Corporation, New York).

(Radiac Wash, Atomic Products

After 24 hours they were rinsed in

deionized water and allowed to drain dry on a stainless
steel cart covered with laboratory bench paper.

All glass

ware was soaked in 10% HC1, rinsed in deionized water and
allowed to drain dry.

Experimental Animals and Design
Thirty 5-6 week old male albino rats weighing approxi
mately 125- 149 gm were obtained from Harlan Sprague Dawley
Farms, Madison, Wisconsin.

After a 3 day acclimatization

period, during which they were fed Purina rat chow and tap
water ad libitum,

the animals were weighed and randomly

assigned to one of five of the following experimental
groups.
1.

ZDTL - Zinc deficient,

testes lipid diet fed ad

lib.
2.

PFTL - Zinc sufficient testes lipid diet pair fed
to the ZDTL group.

3.

ZDCO - Zinc deficient corn oil diet fed ad lib.
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4.

PFCO - Zinc sufficient corn oil diet pair fed to
the ZDCO group.

5.

ALCO - Zinc sufficient corn oil diet fed ad lib.

The rats were housed individually in stainless steel
cages, kept in a room maintained at 23±5°C with a 12 hour
light and dark cycle

and weighed weekly.

Each zinc

deficient rat received a known amount of the appropriate
diet,

in glass feeding cups, every day.

The amount consumed

by each zinc deficient rat was determined by weighing its
food cup every morning,

and its pair fed control fed the

same amount of the appropriate zinc sufficient diet.

Since

zinc deficiency causes a pronounced loss of appetite in
rats,

the amounts fed to the pair fed rats were

insufficient.

To prevent their consuming the whole days

ration at one time,

their daily food ration was divided into

3 and fed at approximately 6 hour intervals during the day.
This was an attempt to simulate the feeding pattern of its
paired zinc deficient rat which probably nibbled over a 12
hour period as rats are nocturnal feeders.

This prevented

the "meal effect" where changes in the activity of the
enzymes involved in lipid metabolism,
desaturases,
(82).

such as the

are affected by changes in feeding patterns

Drinking water was freely available, with the zinc

deficient rats receiving deionized water.
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Collection of the Samples
After 6 weeks on the experimental diets, one rat from
each group was sacrificed daily,
with drinking water available.

after an overnight fast
Each rat was lightly

anesthesized with diethyl ether and blood was withdrawn from
the abdominal aorta with a plastic syringe containing 0.1
volume of 3.8% trisodium citrate.

The blood samples were

centrifuged at 150 g for 10 minutes and the plasma stored at
- 2 0°C, in 1 ml aliquots for zinc analysis.
The left testis and liver from each animal were quickly
removed, weighed, wrapped in aluminum foil,

frozen in liquid

nitrogen and stored at -2 0°C for sperm counts and fatty acid
an al yse s.

Incubation Procedure
The right testis from each animal was weighed and after
removal of the testicular artery,

the tunica was carefully

separated from the testis parenchyma and both were weighed
and kept on ice, until homogenized.

The testis parenchyma

was homogenized with a teflon homogenizer with 10 mis of
cold phosphate buffered saline (PBS) for every gram of
tissue.

One ml was transfered to a glass tube containing

200 yl 5% formic acid and vortexed immediately.

This

stopped prostaglandin synthesis and was the 0 -minute sample.
Another 1 ml was incubated in a plastic tube in a shaking
water bath at 37°C for 60 minutes

(60 minute sample).

Approximately 2.5 ml homogenate was stored,

in plastic
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tubes, at -20°C for zinc analysis.

One-hundred and fifty

y Is were diluted to 1 ml with distilled water and stored at
-20°C for determination of protein.
The tunica was homogenized with 40 ml PBS/g.

A 0-

minute sample was taken and 0.5 ml incubated for 30 minutes
(30 minute sample).

The incubations were stopped by trans

ferring the homogenates to tubes containing 200 yls 5£ formic
acid and vortexing immediately.

Extraction of Prostaglandins from the Homogenates
Prostaglandins were extracted from the homogenates with
ethyl acetate.
acetate,

Each tube was shaken with 5 ml ethyl

allowed to stand for 30 minutes, and the ethyl

acetate was transfered to a round bottomed flask.

The

extraction was then repeated with another 5 ml of ethyl
acetate.

The ethyl acetate was completely evaporated with a

rotary evaporator and a stream of nitrogen.
gelatin (PBS-gel) was added,

One ml of PBS-

the flasks sonicated to rinse

PGS from the sides and 0.5 ml aliquots transfered to small
glass tubes,

covered with 2 layers of parafilm and stored at

-20°C until assayed for 6-keto PGF2 a and PGE2 by radio
immunoassay (RIA).
To determine the % recovery of PGS by this
method,

200 yl tritiated PGE2 was added to tubes con

taining 1 ml testes homogenate. After extraction by 2
different solvents,

diethyl ether and ethyl acetate,

solvents were evaporated,

the

1 ml scintillation cocktail added
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and the counts determined.

Total count of the added P GE2

was determined by counting 200 yl tritiated PGE2 added to 1
ml scintillation cocktail.

Recoveries averaged around 78%

and 89% for the diethyl ether and ethyl acetate extracts,
respectively.

Radioimmunoassay of 6-keto PGF,
and P G E 0
J
la
2
Aliquots of testes homogenates
homogenates

(200 yl) were pipetted,

plastic scintillation vials.
500 yl with PBS-gel.
wit h each assay.
to each vial
the PG.

(400 pi) and tunica
in duplicate,

into

The volume was then made up to

A duplicate set of standards was run

The tritiated PG being assayed was added

(100 yl)

followed by 200 yl rabbit antibody to

The vials were vortexed,

allowed to stand at 40°C.

covered with parafilm and

After 24 hours,

100 yl of a

second antibody (anti rabbit gamma globulin) was added to
precipitate the first antibody, the vials were vortexed,
covered and allowed to stand at 40°C for 48 hours.

The

vials were then centrifuged at 5,000 g for 40 minutes,
decanted quickly and the precipitate dissolved by the
addition of 300 yl 0.05N NaOH.

One ml scintillation

cocktail (Beckman-Ready Solv) was added,

the vials capped,

shaken to mix the contents well and radioactivity determined
by counting in a Beckman LS 6800 scintillation counter.

The

data were analysed and PG levels in the samples determined
by using the RIA computer programme of Duddleson et al.
(83).
(84).

The antibodies were prepared as described by Hwang
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Determination of Zinc Levels in Plasma and Testes
Plasma zinc was determined by the method of Baker et al.
(85).

To 1 ml of plasma,

0.1 ml concentrated hydrochloric

and 0.2 ml trichloroacetic acids were added.

The tubes were

then capped and agitated mechanically for 30 minutes.

The

volume was made up to 2.5 ml by the addition of 1.2 ml
deionized water and the tubes centrifuged at 2000 g for 15
minutes.

The supernatant was transfered to small plastic

tubes and the zinc content determined by atomic absorption
spectrophotometry.

One ml distilled water containing 0.1

volume of trisodium citrate was used as the blank.
Zinc content of testes was determined by the AOAC
method for metals in foods

(85).

Testes homogenate

(2.5

mis) was pipetted into beakers and heated with 1.3 ml
concentrated nitric acid until the first vigorous reaction
subsided.

Then 0.5 ml concentrated sulfuric acid and small

amounts nitric acid, to maintain oxidizing conditions, were
added.

The heating was continued until dense fumes of I^SO^

were evolved and the solution was clear and pale yellow.
The digests were diluted with deionized water and filtered
through fast filter paper into 10 ml volumetric flasks.
After making it up to volume,

the filtrates were transferred

to plastic tubes and zinc level determined by atomic
absorption spectrophotometry, using 2.5 mis PBS as the
blank.
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Determination of Protein in Testis and Tunica
Protein levels in testes and tunica were determined by
the Lowry method (87).

Bovine serum albumen was used to

make protein standards in the range 50-200 yg/ml.
C, 21 sodium tartarate,

Solution

11 copper sulfate and 21 sodium

carbonate in the ratio 1:1:100

(v/v/v) was prepared daily.

Solution E, 2N Fclin-Coicalteau solution diluted 1:1, was
prepared as required.

Testis and tunica homogenates

(150 yl) were diluted to 1 ml.
solution was further diluted to

One hundred yl of this
1 ml.

These dilutions gave

1.5 mg testes parenchyma and 0.375 mg tunica per tube.
ml solution C was added,

Five

the tubes vortexed and allowed to

stand at room temperature for 15-20 minutes followed by 10
minutes in a 50°C water bath for 10 minutes.

Then 0.5 ml

solution E was added and the tubes vortexed immediately to
mix the con- tents.

After standing at room temperature for

30 minutes and in the water bath for 20 minutes, optical
density at 750 A was determined in a Perkin Elmer Model 550
spectrophotometer, using 15 yl PBS diluted to 1 ml as the
blank.

Sperm Counts
Sperm counts were made, using a representative portion
of the frozen left testis from each rat, by the method of
Amman et al.

(88).

The tunica was removed from the frozen

testis and the parenchyma was weighed.

Approximately 0.1 gm

of parenchyma was then homogenized for 1 minute with 10
times the volume of a solution containing 150 m M NaCl,
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3.8 m M NaN^ and 0.05%

(v/v) Triton x-100,

genizer with a mini blender jar.
fered to a plastic tube,
hours.

in a Virtis homo-

The homogenate was trans-

capped and stored at 40°C for 22-26

The homogenate was then mixed well by inverting the

tube several times and used to fill both chambers of a hemocytometer.

After allowing 5 minutes for settling,

the

spermatids were counted in each chamber and average values
used to calculate spermatids/gm of testis and spermatids/
whole testis.

The remaining testes parenchyma was placed in

ice cold lipid solvent for lipid extraction and analysis.

Fatty Acid Composition of Testis Parenchyma and Tunica
The tunicas from the left testis of all 6 rats in each
group were minced with scissors and pooled for fatty acid
analysis as individual lipid contents were too low.

Lipids

were extracted from testes parenchyma and tunica by the
method of Folch et al.

(80) by homogenization with the

solvent in a Sorvall Omni mixer.
Phospholipids were fractionated from the total lipids
by thin layer chromatography (Silica Gel G plates, Kontes
Scientific, Vineland, NJ) in a tank containing a solvent of
petroleum ether,
(85:15:1 v/v/v).

diethyl ether and glacial acetic acid
The phospholipid fraction remaining at the

origin was scraped off, aspirated into recovery tubes and
eluted from the silica gel with 20 ml of chloroform,
methanol and acetic acid (1:1:0.01 v/v/v),
bottomed flasks.

into round

After evaporation of the solvent,

the
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phospholipid,

as well as a few drops of total lipid were

saponified and methylated and fatty acid composition was
determined by gas chromatography as described earlier.

Statistical Analysis
The means obtained for the five different groups were
compared using Duncan's multiple range test (89), at the 5
and 1% levels of probability,

to determine if there were any

significant differences between treatments.
also analysed by analysis of variance

Results were

(90) to determine if

dietary levels of zinc and docosapentaenoic acid or the
interaction between the two had any significant effects.

RESULTS AND DISCUSSION

Development of Zinc Deficiency in Experimental Animals
The rats on the zinc deficient diets decreased their
food intake by about the third day on the experimental diets
and after that exhibited the cyclic feeding pattern
characteristic of zinc deficiency (76).

They also appeared

to be less active than rats on the zinc sufficient diet and
developed other symptoms of zinc deficiency such as hair
loss,

scaliness of the paws and tail and growth retardation.
Table 3 gives the mean weekly weights of the five

groups of rats.

By the end of the first week there were

significant differences
and control rats.

(P<0.01) between the zinc deficient

The weight gains of the pair fed rats

were significantly greater

(P<0.01)

than those of the zinc

deficient rats, but not different from the ad lib fed rats,
despite their food intake being restricted.

However, by the

end of the third week, the ad lib fed rats had significantly
higher

(P<0.01) weights than both the zinc deficient and

pair fed rats.
others

These results are similar to observations by

(21, 76), that zinc deficiency in rats results in less

efficient food utilization and significantly lower weight
gains compared to both pair fed and ad lib fed controls.
There were no differences between the testis lipid (TL) or
corn oil

(CO) groups in food intake or weight gain.

M ean plasma levels of zinc are given in Table 4.

ZDTL

and ZDCO groups had plasma zinc concentrations of 0.48 and
0.45 ppm.

These levels are significantly less
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(P<0.01) than

TABLE 3
MEAN* RAT WEIGHTS (GMS)

ZDTL

ZDCO

PFTL

PFCO

ALCO

P

Initial Wt.

154±5.3

14814.5

15113.5

14714.6

13215.8

1st Week Wt.

145±6.2A

17614.3B

14413.8A

18014.6A

17115.2B

<0.01

2nd Week Wt.

14717.2A

19515.4B

14713.5A

19613.9B

20615.8B

<0.01

3rd Week Wt.

15616.0A

21416.0B

15014.6A

21514.6B

24615.6C

<0.01

4th Week Wt.

15515.0A

22117.5B

15215.9A

22417.7B

27315.1C

<0.01

5th Week Wt.

15315.9A

22418.2B

15617.3A

22618.0B

29616.5C

<0.01

Final Wt.

14117.2A

22818.7B

14815.5A

22716.8B

302111.8C

<0.01

Mean ± SEM of 6 observations.

ABC
’

5 Means with the same letter are not significantly different (Duncan’s multiple range test).

ZDTL -

Zinc deficient, testes lipid diet.

PFTL -

Zinc sufficient, testes lipid diet pair fed

ZDCO -

Zinc deficient, corn oil diet.

PFCO -

Zinc sufficient, corn oil diet pair fed

ALCO -

Zinc sufficient, corn oil diet fed ad lib.

to ZDTL.

toZDCO.

TABLE 4
MEAN* TISSUE ZINC LEVELS (PPM)

Tissue

ZDTL

Plasma
Testis
parenchyma

PFTL

ZDCO

PFCO

ALCO

P

0.48±0.66A

1.22±0.05B

0.45±0.08A

1.25±0.06®

1.2110.05®

<0.01

14.50±1.04A

22.20±0.39®

11.19±1.85°

18.84±0.52®

23.1310.64®

<0.05

Mean ± SEM of 5-6 observations.
A,B,C,D^eans with the same letter are not significantly different (Duncan's multiple range test).
ZDTL -

Zinc deficient, testes lipid diet.

PFTL -

Zinc sufficient, testes lipid diet pair fed

ZDCO -

Zinc deficient, corn oil diet.

PFCO -

Zinc sufficient, corn oil diet pair fed

ALCO -

Zinc sufficient, corn oil diet fed ad lib.

to ZDTL.

toZDCO.
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those of controls

(1.22,

1.25 and 1.21 ppm zinc in PFTL,

PFCO and ALCO, respectively).

There was no difference

between pair fed and ad lib fed control rats showing that
food restriction has no effect on plasma zinc.
Dupont

Meydani and

(20) also reported similar values for plasma zinc in

zinc deficient,

pair fed and ad lib fed rats.

There was no

difference in plasma zinc between TL and CO groups.
The plasma zinc levels,

the final weights and the

dermal symptoms established that there was no external con
tamination with zinc and that the rats on the zinc deficient
diets had developed zinc deficiency.

Organ Weights
The mean weights of liver,
in Table 5.

testis and tunica are listed

Liver weights were significantly lower (P<0.01)

in the zinc deficient and pair fed rats.

These differences

were reduced or absent when the liver weights were expressed
as % of body weight,

showing that the differences in liver

weights affected differences in body weight.
group,

the livers of the zinc deficient rats

In the TL
(as 7* of body

weight) were larger (P<0.05) than those of pair fed
controls, but there was no difference between zinc deficient
and pair fed rats in the CO group.

Liver weights, as 7,

of body weight,in the ad lib fed group were significantly
less (P<0.05)

than the other groups

larger body weights.

due to their much

TABLE 5
MEAN* ORGAN WEIGHTS

Organ

ZDTL

Liver
Wt. (gms)
% of body wt.
Testes
Wt. (gms)
% of body wt.
Tunica
Wt. (gms)

PFTL

ZDCO

PFCO

ALCO

P

4.93±0.18A

7.2010.31B

4.3610.22A

6.7910.35®

7.7710.17®

<0.01

3.5210.1^

3.1710.06®

2.9410.07®

2.99+0.12®

2.53+0.04°

<0.05

1.33±0.11A

3.34+0.13B

1.1810.08A

3.42+0.20®

3.6910.09®

<0.01

0.96±0.10A

1.4710.04®

0.80-0.05A

1.5010.06®

1.2010.02°

<0.05

0.0510.004A

0.0610.002A

0.0410.003A

0.0610.005A

0.0810.009®

<0.01

Mean ± SEM of 6 observations.
A ’® ’°Means with the same letter are not significantly different (Duncan's multiple range test).
ZDTL -

Zinc deficient, testes lipid diet.

PETL -

Zinc sufficient, testes lipid diet pair fed

ZDCO -

Zinc deficient, corn oil diet.

PFCO -

Zinc sufficient, corn oil diet pair fed toZDCO

ALCO -

Zinc sufficient, corn oil diet fed ab lib.

to ZDTL.
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Testes weights were also significantly lower (P<0.01)
in the zinc deficient groups compared to pair fed and ad lib
fed controls.

There was no difference between pair fed and

ad lib fed groups showing that food restriction had no
effect on testis weights.
differences

There were also significant

(P<0.05) between zinc deficient and pair fed

groups when testes were compared, as % of body weight,
indicating that the reduced size of the testes in zinc
deficiency was not entirely due to reduced body size.
testes size (as 1 of body weight)
significantly greater

(P<0.05)

groups, but significantly less
groups.
group.

The

in the AL groups was

than the zinc deficient
(P<0.05) than the pair fed

This is due to the greater body weights in this
Schwartz et al.

(91) have also shown that food

restriction increased the organ to body weight ratios of
several organs,
controls.

including testes,

compared to ad lib fed

The reduced size of the testis in zinc deficient

animals is generally attributed to the degeneration of the
germinal epithelium and failure of s p e rmatogenis, although
there is yet no explanation as to the exact function of zinc
in the testis

(21).

The weights of the testicular capsule or tunica were
not significantly different between the zinc deficient and
pair fed groups.

However, the mean tunica weight in the ad

lib group was significantly higher (P<0.01).
that food restriction,

This indicated

as well as zinc deficiency had an

effect in reducing tunica weight.

Ellis and Jorgensen (92)
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have reported that,

in rats,

testicular parenchymal and

capsular weights increased with age in a sigmoid manner up
to about 12 weeks of age.

Capsular weights could therefore

be closely related to body weight.

This is probably the

reason the ad lib group, with significantly higher body
weights, had a significantly higher tunica weight than the
zinc deficient and pair fed groups.

The testicular capsule

had previously been considered just a covering tissue to
hold the seminiferous tubules and interstitial cells and
usually discarded or not studied separately.

However,

it is

becoming increasingly evident that it has important
biochemical, physiological and pharmacological responses
that are related to testis function

(93) and is now being

studied separately from the testis parenchyma

(69, 92).

Testis Protein and Zinc Levels
Table 6 gives the protein concentration in testis
parenchyma and tunica.

The zinc deficient groups had lower

levels of parenchyma protein than the controls but the
difference was statistically significant
between the ZDCO and PFCO groups.

(P<0.05) only

There was no difference

between pair fed and ad lib fed controls showing that food
restriction had no effect on protein synthesis in testis
parenchyma.
Protein concentration was significantly less (P<0.05)
in the tunicas of both zinc deficient groups (ZDTL and ZDCO)
compared to pair fed and ad lib fed controls.

Food

TABLE 6
MEAN* PROTEIN CONCENTRATION OF TESTIS PARENCHYMA AND TUNICA (pG/MG)

Tissue

ZDTL

PFTL

ZDCO

Testis
parenchyma

81.0914.77A

95.32±5.66A,B

82.47±3.30A

Tunica

41.93±4.09A

87.32±6.87B

63.66±2.03C

PFCO

106.2516.40B
99.99110.97B

ALCO

108.1113.09B

<0.01

86.16i6.08B

<0.05

Mean ± SEM of 5-6 observations.

ABC

’ * Means with the same letter are not significantly different (Duncan's multiple range test).

ZDTL -

Zinc deficient, testes lipid diet.

PFTL -

Zinc sufficient, testes lipid diet pair fed to ZDTL.

ZDCO -

Zinc deficient, corn oil diet.

PFCO -

Zinc sufficient, corn oil diet pair fed toZDCO.

ALCO -

Zinc sufficient, corn oil diet fetab lib.

P
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restriction did not affect protein synthesis in this tissue
either,

as there was no difference between pair fed and ad

lib fed animals.

Davis et al.

(93) found that the

incorporation of radioactive lysine into protein by the
testicular capsule was significantly higher than that
observed for the parenchyma.

This showed that the tunica

was a biochemically active tissue,
synthesis.

capable of rapid protein

The lower protein levels in the parenchyma and

tunica of zinc deficient rats could be due to reduced
activities of zinc metalloenzymes especially DNA and RNA
polymerases

(23).

Zinc concentration in the testis parenchyma of zinc
deficient rats was significantly lower (P<0.05) than that of
pair fed groups

(Table 4).

This is in contrast to reports

that the influence of dietary zinc on tissue zinc (other
than plasma)

is small

(21, 24, 76).

groups had significantly higher

Both ZDTL and PFTL

(P<0.05) zinc levels than

the corresponding corn oil group.

The ad lib group had a

zinc level that was similar to the PFTL group but
significantly higher (P<0.05)

than the PFCO group.

Prostaglandins in the Tunica
The mean concentrations of 6 - k e t o - P G F ^ are given in
Table 7, and the change in levels of this PG in tunica,
after incubation at 3 7 °C, are shown in Fig.
incubation time,

3.

At zero

there were significant differences

only between ZDCO and PFCO (104.79 vs 294.64 n g / g m ) .

(P<0.05)
When

6 - k e t o - P G F ^ concentrations were expressed as ng/tunica,

TABLE 7
MEAN* 6-KETO-PGF, LEVELS IN TUNICA
la

Incubation
Time (min.)

6-keto-PGF,
Level la

PFTL

ZDTL

ZDCO

PFCO

ALCO

P

294.64+85.68A

265.49+63.93A,B

<0.05

0
ng/gm

184.89±36.28A,B

182.57±29.26A,B

104.79+30.53B

ng/tunica

9.03+1.58A

9.94±1.49A,B

s.ie+i.gT4

19.10+6.578

22.33±6.148

<0.05

ng/mg tunica
protein

5.05+1.21*"

2.22+0.448

1.67+0.808

3.10+1.018

3.07+0.708

<0.05

30
ng/gm

983.28+120.00A

1,750.51+161.79B

855.65±117.36A

1,815.46±198.12E

1,655.12+570.60B

<0.05
<0.05

ng/tunica

42.35±3.52A

95.76±8.42B

40.21±9.22A

107.08+16.28B

129.63±28.868

ng/mg tunica
protein

25.15+4.24A

20.88+2.63A

14.08+3.08A

19.90+4.28A

18.31+6.36A

Mean ± SEM of 5-6 observations.
A,BMeans with the same letter are not significantly different
ZDTL -

Zinc

deficient, testes lipid diet.

PFTL -

Zinc

sufficient, testes lipid diet

ZDCO -

Zinc

deficient, corn oil diet.

PFCO -

Zinc

sufficient, corn oil diet pair fed

ALCO -

Zinc

sufficient, corn oil diet fed

pair

ad lib.

(Duncan's multiple range test).

fedto ZDTL.

to ZDCO.

FIGURE 3.

6-KET0-PGF1c, LEVELS IN TUNICA,
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levels in ZDTL were not significantly different from PFTL
(9.03 and 9.94 ng/tunica) but ZDCO had significantly lower
(P<0.05)

levels than PFCO.

There was no difference between

the pair fed and ad lib fed groups.

When expressed as ng/mg

of tunica protein all groups had similar levels of 6-ketoPGF^

except ZDTL which had a significantly higher (P<0.05)

level, probably because it had the lowest protein level
(Table 6).
After 30 minutes incubation,

levels of 6-keto-PGF,

la

increased and there were significant differences between
zinc deficient and zinc sufficient groups.
tions of 6-keto-PGF,

la

in ZDTL and ZDCO (983.28 and 855.65

ng/gm) were significantly lower (P<0.05)
PFCO and ALCO (1750.51,
respectively).

Mean concentra

than those in PFTL,

1815.46 and 1655.12 ng/g,

The zinc deficient groups had significantly

lower (P<0.05) levels compared to controls when 6-keto-PGF^a
levels were expressed as ng/tunica as well.

However, when

the concentration was expressed as ng/mg tunica protein,
there were no differences between zinc deficient groups and
controls suggesting that differences in 6 - k e t o - P G F ^ levels
between zinc deficient and zinc sufficient groups reflected
differences in protein concentration.

There was no

difference between pair fed and ad lib fed animals
indicating that food restriction had no effect.

Also,

there

was no differences between TL and CO groups.
Mean levels of P G E 2 in tunica are given in Table 8 and
the change after incubation illustrated in Fig.

4.

Initial

TABLE 8
MEAN* PGE2 LEVELS IN TUNICA

Incubation
Time (Min.)

PGE2 Level

ZDCO

PFTL

ZDTL

PFCO

ALCO

P

0
12.67+2.48*

12.7612.38*

8,3812.67*

17.22+4.97*

17.3315.78*

ng/tunica

0.6410.16*

0.70+0.14*

0.4210.17*

1.1110.37*

1.4810.55*

ng/tng tunica
protein

0.3610.12*

0.1510.04

0.1610.06

0.1710.06

0.2010.07

129.18+11.34*

246.70121.97

135.59132.75

192.25123.95

ng/gm

30
ng/gm

B

ng/tunica

6.16+0.62*

13.53+1,30B

ngjfclg tunica
protein

3.3610.60*

2.9210.38*

6.5812.27*

2.4510.80

Mean 1 SEM of 5-6 observations.
* ’®Means with the same letter are not significantly different (Duncan's multiple range test).
ZDTL - Zinc deficient, testes lipid diet.
PFTL - Zinc sufficient, testes lipid diet pair fed to ZDTL.
ZDCO - Zinc deficient, corn oil diet.
PFCO - Zinc sufficient, corn oil diet pair fed toZDCO.
ALCO - Zinc sufficient, corn oil diet fed ad lib.

A,B

11.4912.00*’®

1.91+0.38*

178.38140.99

<0.05

15.5513.81®

<0.05

1.98+0.49*

PGE2 (ng/gm)

FIGURE A,

PGE2 LEVELS IN TUNICA.
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values for the ZDTL, PFTL,
12.67,

12.26,

8.38,

ZDCO, PFCO, and ALCO groups were

17.22 and 17.33 ng/g, respectively.

These values are not significantly different from each
other,

and there were no differences between groups when

P GE2 levels were expressed as ng/tunica or ng/mg tunica
protein.
As with levels of 6-keto-PGF,

la

incubation,
to 129.18,

, after 30 minutes of

the levels of PGE2 were considerably increased
246.70,

135.59,

192.25 and 178.38 ng/g.

The

levels in pair fed and ad lib fed groups were higher than in
the zinc deficient groups, but the difference was
statistically significant
PFTL groups.

(P<0.05) only between the ZDTL and

Whe n P G E 2 concentration was expressed as

ng/tunica the levels in the zinc deficient groups were lower
than those in the pair fed and ad lib fed controls, and were
significantly different
PFCO.

(P<0.05) except between ZDCO and

However these differences were reduced when

concentrations of PGE2 were expressed as ng/mg tunica
protein (3.36, 2.92, 2.45,
ZDTL, PFTL,

1.91 and 1.98 ng/mg protein in

ZDCO, PFCO and ALCO, respectively), and there

were no significant differences between groups.

This again

indicated that differences in the level of PGE2 in the
tunicas of zinc deficient and control rats probably
reflected differences in protein concentration and were not
due to an effect of zinc on PG synthesis.

There were no

differences between pair fed and ad lib fed rats, or between
TL and CO groups indicating that neither food restriction
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nor docosapentaenoic acid (22:5u>6) supplementation had an
effect on P G E 2 synthesis in the tunica.
Gerozissis and Dray (69) were the first to report
prostaglandin levels in the testicular capsule.
that,

in rats,

They found

the m ean concentration of PGE2 in the capsule

was 5.8 ng/gm whereas the concentration in the parenchyma
was 0.04 ng/gm.

They also found relatively high levels of

PGF2 a in both the capsule
ng/gm).

(8.5 ng/gm) and parenchyma (0.11

After 20 minutes of incubation with 20 yg

arachidonic acid, 23 ng/capsule of P G E 2 and 3 ng/capsule of
PGF2 a were produced.

After 30 minutes of incubation,

without exogenous arachidonic acid,

the amounts of PGE2

(ng/capsule) obtained in this experiment were 6.16 and 6.58
in ZDTL and ZDCO groups and 13.53,
PFCO and ALCO groups,

respectively.

11.49 and 15.55 in PFTL,
Gerozissis and Dray

(69) did not measure levels of 6-keto PGF-,

1a

in tunica, which

was found in amounts much greater than that of PGE2 , in our
work indicating that P G ^ was the major PG synthesized in
this tissue in rats.

Prostaglandins in the Testis Parenchyma
The levels of 6 - k e t o - P G F ^

in the parenchyma are given

in Table 9 and the change after incubation,

in Fig.

5.

In

contrast to the findings in tunica both zinc deficient
groups had levels greater than those in the pair fed and ad
lib fed groups.

Levels in ZDTL and ZDCO at 0 incubation

time were 249.26 and 182.37 ng/gm and in PFTL, PFCO and ALCO
the levels were 104.45,

164.51 and 161.44 ng/g,

TABLE 9
MEAN* 6-KETO-PGF, LEVELS IN TESTES PARENCHYMA
la

Incubation
Time (Min.)

la Level

ZDTL

PFTL

ZDCO

PFCO

ALCO

P

0
ng/gm
ng/total testis
parenchyma

* 249.26+51.26A

104.45+20.88A

182.37173.89A

168.51116.27A

161.44149.9.9A

160.51±28.99A,B

92.96140.59A

275.74+41.38B

268.89182.74A,B

3.07+0.85^

1.15+0.23A

2.23i0.95A

1.6710.14A

1.5010.46A

162.86+64.41A

70.06+40.34A

161.58159.64A

100.83168.11A

53.48110.27A

79.45+27.72A

109.74+64.48A

80.52134.99A

162.751108.85

89.58115.69A

2,50+1.13A

0.80±0.49A

2.0410.81A

0.8310.49A

0.5110.11A

120.21+25.48A,B

ng/mg parenchyma
protein
60
ng/gm
ng/testis
parenchyma
ng/mg parenchyma
protein

*
Mean t SEM of 5-6 observations
A,BMeans with the same letter are not significantly different
ZDTL -

Zinc deficient, testes lipid diet.

PFTL -

Zinc sufficient, testes lipid diet

ZDCO -

Zinc deficient, c o m oil diet,

PFCO -

Zinc sufficient, corn oil diet pair fed toZDCO.

ALCO -

Zinc sufficient, corn oil diet fed

pair

ad lib.

(Duncan's multiple range test).

fedtoZDTL.

A

<0.01

FIGURE 5.

6-KETO-PGF;^ LEVELS IN TESTIS PARENCHYMA.
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respectively.

There was considerable variation in

individual values and the differences between zinc deficient
groups and controls were not statistically significant.
When 6 -keto P G F ^
parenchyma,

levels were expressed as ng/total

levels in the zinc deficient group were lower

compared to controls,

due to significantly lower testis

weights, but the difference was statistically significant
only between ZDCO and PFCO.
parenchyma protein,

When expressed as ng/mg

zinc deficient groups had greater

amounts than controls, but the differences were not
statistically significant.
After incubation at 37°C the mean levels of
6 - k e t o - P G F d e c r e a s e d to 162.86,
la
53.48 ng/gm in ZDTL, PFTL,
respectively.

70.06, 161.58,
’

100.84 and

ZDCO, PFCO, and ALCO,

The zinc deficient groups had higher levels

than the controls but the differences were not statistically
significant,

due to considerable individual variation.

The

decrease in levels of this PG during incubation is in
contrast to the observation that PG levels generally
increase during incubation (Fig. 3,4 and 6 ).

This suggests

either that the testicular parenchyma lacks the enzymes
necessary for synthesis of P G ^

(which is metabolized to

6 -keto-PGF2a ) or that the major synthesis of this PG occurs
in the tunica (Table 7 and Fig.
tunica,

3).

In the absence of the

the net result of synthesis and degradation in the

parenchyma is a reduction in levels of 6 - k e t o - P G F ^ .
Ohuo-Obasiolu et al.

(94) measured the activity of enzymes
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that metabolize PGs in the testis and found that, while
tunica had greater specific activity (cpm/mg p r o t e i n ) , total
activity was greater in seminiferous tubules and
interstitial tissue due to their greater mass.
Mean levels of P G E 2 in testis parenchyma are shown in
Table 10.

The change after incubation is shown in Fig.

6.

As with levels of 6 - k e t o - P G F ^ , ZDTL and ZDCO had higher
amounts of P G E 2 (21.54 and 18.65 ng/gm)
ALCO (2.57,

than PFTL, PFCO and

6.39 and 6.26 ng/gm,respectively).

differences were not statistically significant,
to the variation in individual values.
37°C,

The
probably due

After incubation at

the levels in all groups rose slightly with the zinc

deficient groups continuing to have greater amounts of PGE2 .
Duncans multiple range test did not show a statistically
significant difference between groups, but analysis of
variance revealed that zinc had a significant effect on this
variable

(PGE2 levels in testis parenchyma after 60 minutes

of incubation) at the 0.05 level of probability (Table 11).
The increase in levels of P G E 2 during incubation suggests
that the parenchyma is capable of synthesizing this PG,
although not in amounts as great as the capsule.

The

synthetic capacity is greater than the capacity to degrade
it.

Therefore there is an increase in levels during

incubation,

even in the absence of the tunica.

This study,

like that of Gerozzissis and Dray (69),

found that the capacity of the tunica to synthesize PGs is
much greater than that of the parenchyma.

This difference

TABLE 10
MEAN* PGE2 LEVELS IN TESTES PARENCHYMA

Incubation
Time (Min.)

pge2

LEVEL

ZDTL '

PFTL

ZDCO

PFCO

ALCO

0
2.5710.61*

18.65113.82*

:6.3911.34*

6.2612.40*

•’ 10.2615.60*

3.9210.82*

10.0417.80*

10.0011.61*

8.9412.66*

0.3110.16*

0.0310.01*

0.3110.26*

0.0610.01*

0.0510.02*

ng/gm

29.53110.38*

11.6016.82*

55.63128.89*

14.7819.30*

7.9010.91*

ng/total testis
parenchyma

15.0114.93*

18.16110.89*

28.64116.62*

23.69114.89*

13.3911.45*

0.4110.13*

0.0810.08*

0.7110.38*

0.1210.07*

0.0810.01*

ng/gm
ng/total testis
parenchyma

21.54*11.59*

ng/mg parenchyma
protein
60

ng/mg parenchyma
protein

*

Mean ± SEM of 5-6 observations.

*Means with the same letter are not significantly different (Duncan's multiple range test).
ZDTL - Zinc deficient, testes lipid diet.
PFTL - Zinc sufficient, testes lipid diet

pairfed to

ZDTL.

ZDCO - Zinc deficient, corn oil diet.
PFCO - Zinc sufficient, corn oil diet pair fed

to ZDCO.

ALCO - Zinc sufficient, corn oil diet fedad lib.
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FIGURE 6,
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TABLE 11
ANALYSIS OF VARIANCE
PROSTAGLANDIN LEVELS (NG/GM) IN TESTIS PARENCHYMA

Variable

Source of Variation

6-keto-PGF
la
(0 min.)

Zinc level in diet
22: 5m 6. level in diet
Zinc x 22:5u)6

0.83
0.28
3.11

6-keto-PGF
la
(0 min.)

Zinc
22:5oj6
Zinc x 22:5oi6

2.12
0.08
0.09

PGE
(0 min.)

Zinc
22 :5w6
Zinc x 22:5(0 6

2.83
0.00
0.13

PGE
(60 min.)

Zinc
2 2 :5w6
Zinc x 22:5co6

5.291
0.49
0.12

*

Significant at the 0.05 level of probability.

F Value
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could account for the previously mentioned variation within
groups that was encountered in PG levels in parenchyma.
When the tunica was removed,

the parenchyma may have been

contaminated with some tunica cells.

This could cause con

siderably altered PG levels in pa r e n c h y m a , as the capacity
of tunica to synthesize PGs is large in comparison to that
of parenchyma,

leading to the variable results observed.

The greater amounts of 6-keto-PGF-^ and PGE2 in the
testicular parenchyma of the zinc deficient rats compared to
controls, while not statistically significant,
consistent pattern,
zinc.

showed a

indicating a probable effect due to

It is probable that the increased levels of PGs in

the parenchyma of zinc deficient rats are a reflection of
the increased levels of the precursor,

arachidonic acid,

which are increased in the testes of zinc deficient rats
(22).

It is also possible that in zinc deficiency the

amounts of the enzymes necessary to degrade PGs are reduced,
because of reduced protein synthesis, resulting in greater
amounts of PGs or their metabolites.

O'Dell et al.

(95)

also found that the plasma levels of prostaglandin
metabolites in zinc deficient female rats were significantly
higher than controls.

While it could be suggested that zinc

is required for the metabolism and breakdown of PGs,

it is

more likely that the higher levels of PGs in the testis
parenchyma of zinc deficient rats is due to altered levels
of fatty acids and/or protein.
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This is the first investigation of PG levels in the
testes of zinc deficient rats and the results do not support
the hypothesis that zinc is required for PG synthesis.

This

hypothesis was first proposed by O'Dell and his co-workers,
however,

in three different studies

(95, 96, 97), they were

unable to find any impairment in PG synthesis due to zinc
deficiency in rats.

They have modified their hypothesis and

now suggest that PG function is impaired in zinc deficiency.
In this study, zinc deficient rats had lower levels of
PGs in the tunica,

especially after incubation.

However,

the difference appears to be due to lower levels of protein,
rather than a direct effect of zinc on PG synthesis.
However,

there was no significant correlation between

protein and 6 - k e t o - P G F ^ level (r=0.31) or P G E 2 (r=0.24)
level in the tunica.

In contrast to the tunica, PG levels

were increased in the testicular parenchyma of zinc
deficient rats.

This is also probably an indirect effect,

due to the effect of zinc on arachidonic acid level.
was no significant correlation between 6 - k e t o - P G F ^

There
levels

and phospholipid arachidonic acid in testes parenchyma
(r=0.27), but there was a highly significant

(P<0.01)

correlation (r=0.50) between PGE2 levels and phospholipid
arachidonic acid.

The concentration of PGs at anytime in

the testis is a balance between synthesis and degradation.
It has been suggested that the function of PGs in the testis
is to cause contraction of the capsule and seminiferous
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tubules to propel fluid and spermatozoa out of the testis
and to maintain the pressure within the organ (64).
Therefore,

low amounts of PGs could impair testicular

function.

However, high concentrations of PGs are also

thought to be undesirable,

causing diminished blood flow and

localized inflammation (98).

Zinc deficiency appears to

alter the capacity of tunica and parenchyma to synthesize
and metabolize PGs.

This could lead to concentrations that

are different from optimum levels in the testis and cause
some impairment of function.
This is the first report of the presence of
6-keto-PGF^a , the metabolite of prostacyclin ( P G ^ ) ,
testis.

In fact,

in the

it appears to be the major PG produced by

the capsule and parenchyma.

Previous reports

(61,62,64,69)

indicated that P G E 2 and P G F 2a were the major PGs in the
testis.

Williams et al.

(99) have reported that

prostacyclin is the PG produced in greatest amounts by the
myometrium,

suggesting an important role for this PG in the

reproductive system of both male and female rats.
The finding in this work that the testicular capsule
has a much greater capacity than the parenchyma in
synthesizing PGs confirms a similar report by Gerozzissis
and Dray (69).

PG synthesis therefore appears to be an

important function of the tunica.

This conclusion is

supported by the finding that tunica phospholipids contain
appreciable amounts

(10-15%) of arachidonic acid (Table 12),

the precursor of the major PGs synthesized by the tunica.

TABLE 12
FATTY ACID COMPOSITION OF TUNICA*

Total Lipid
(As percent of total fatty acids)

Fatty Acid

Phospholipid
(% of phospholipid fatty acid)

ZDTL

PFTL

ZDCO

PFCO

ALCO

ZDTL

PFTL

ZDCO

PFCO

ALCO

24.04

23.00

24.26

22.12

24.68

33.03

36.62

33.32

40.38

39.20

16:1id7

7.96

8.48

8.07

9.04

8.06

14.44

12.68

14.33

12.24

12.62.

18:0

2.52

2.52

3.10

2.91

3.37

10.52

12.25

12.63

2.76

9.98

18:lu9

30.20

31.86

29.13

30.53

25.36

10.42

10.46

10.89

12.44

7.96

12: 2uj6

25.81

32.35

31.46

30.58

36.32

6.52

6.56

7.49

11.72

6.40

18:3ai6

0.10

--

--

--

--

0.77

--

0.61

2.61

1.02

18:3u)3

2.50

0.27

0.43

1.09

0.33

0.17

0.19

0.22

0.29

--

20:2u6

--

--

--

0.05

--

0.22

--

0.28

0.36

0.12

20:3in9

--

--

--

--

--

0.13

--

--

--

0.09

20:3u>6

0.99

0.14

0.08

0.97

0.11

0.48

0.41

--

0.05

0.41

20:4u6

1.15

1.00

0.90

1.06

0.71

15.34

14.54

15.81

10.16

14.78

20:5w3

3.68

0.04

1.64

1.09

0.14

1.47

1.43

1.17

--

1.13

22:4ui6

0.18

0.11

0.22

0.22

0.03

1.21

1.00

--

--

1.08

22:5u_6

--

0.08

--

0.10

--

0.93

1.70

0.74

—

1.53

22:5w3

0.88

0.11

0.69

0.04

--

1.00

1.30

0.51

--

1.96

22:6w3

__

0.03

__

0.21

0.89

3.28

1.05

2.00

__

1.69

16:0

Each sample consisted of the pooled right tunicas of all 6 rats in a group.
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The Effect of Docosapentaenoic Acid Supplementation
Analysis of diet lipids showed that the diets supple
mented with testis lipids

(TL diets) contained 0.5%

docosapentaenoic acid (20:5w6), while the corn oil (CO
diets) had no detectable amounts

(Table 2).

The intake of

the zinc deficient and pair fed rats averaged around 5 g
diet a day.

Therefore the rats on TL diets consumed

approximately 2.5 mg of 22:5u6 a day.
The fatty acid composition of liver lipids were
examined to determine if 22:5w6 accumulated in the liver
(Tables 13,

14).

There were no significant differences in

22:5a)6 levels in phospholipid between TL and CO.

However,

in liver total lipid ZDTL had a significantly higher
(P<0.05) level than ZDCO (2.12 vs 1.69%).

PFTL had 1.69%

and PFCO 1.27%, but this difference was not statistically
significant.

It appeared that there was some accumulation

of 22:5a)6 in the liver lipids of animals fed the TL diet,
especially the zinc deficient group.
In the testes total lipid and phospholipid,

there were

no differences in 22:5o)6 levels between ZDTL and ZDCO or
PFTL and PFCO (Tables 15 and 16).

This suggested that

22:5a)6 concentration in the testes was unaffected at the
level of

2 2 : 5

i d6

supplementation used.

The effect of zinc deficiency on arachidonic acid
( 2 0 : 4 (

d6

)

and

22:5u)6

of Bieri or Prival

levels in testes confirmed the finding
( 2 2 ) ,

that

2 0 : 4 w 6

is elevated and

lowered in the testes of zinc deficient rats.

2 2 :5 <

d6

There was no

TABLE 13
MEAN* FATTY ACID COMPOSITION OF LIVER TOTAL LIPID (AS PERCENT OF TOTAL FATTY ACIDS)

Fattv Acid
16:0

ZDTL

■ PFTL

1.69±0.16A

ALCO

P

19.12+0.78®

<0.05

20.38+0.53A,B

2.29+0.54A

1.5910.Id4

2.0210.22A

1.7010.10A

16.00i0.98A

15.34+0.88A

17.5310.53A

16.35i0.91A

17.3510.944

18: lu9

9.28±0.91A

9.88+0.62A

9.5510.56A

11.7510.91A

10.4512.OZ4

18:2JS

16.16±0.33A

16.34±0.46A

15.6410.54A

17.42+1.04A

17.0711.28A

18:3(j6

0.42t0.04

0.54+0.09

0.6010.08

0.6710.08

0.6110.14

18:3u3

1.57±0.41

1.18+0.33

2.2210.89

0.8810.62

0.4610.42

20:0

0.1910.04

0.3010.03

0.4810.14

0.3710.09

1.11+0.67

20:2uj6

--

0.0410.02

0.1410.12

0.1510.11

0.3210.01

20:3u9

0.02±0.01

--

0.03+0.02

0.0410.02

--

20:3w6

0.52+0.03

0.8210.05

0.5410.03

0.7910.09

0.35+0.04

20:4cj6

25.29±0.84A

24.72i0.85A

25.0910.52^

23.9910.84A

20:5^3

0.19+0.03

0.19+0.05

0.2210.04

0.2310.02

0.1310.05

22:4u6

o:66+0.03

0.5910.01

0.82+0.02

0.7210.03

0.8310.06

22:5w6

2.12+0.19A

1.6910.07B

1.65+0.07®

1.27+0.09®

1.5810.29®

22:5o)3

0.16+0.01

0.1810.01

0.2610.01

0.21+0.04

0.2810.02

22:6o)3

4.28+0.16A

2.9010.22®

4.15!0.07A

2.8410.12®

3.3110.16®

18:0

21.68±0.54A

PFCO

19.9610.ST4 ’®

16: lu7

21.44i0.51A

ZDCO

it

Mean 1 SEM of 5-6 observations.
A ’®Means with the same letter are not significantly different

(Duncan's multiple range test).

26.56186A

<0.05

<0.01

TABLE 14
MEAN* FATTY ACID COMPOSITION OF LIVER PHOSPHOLIPIDS (AS % OF PHOSPHOLIPID FATTY ACIDS)

Fatty Acid
16:0
16: lu)7
18:0

ZDTL
26.35±2.17A
1.88±0.18A
26.85i0.88A

PFTL

ZDCO

PFCO

24.16+0.72A,B

23.42+0.71A,B

23.27±0.48A,B

1.85±0.36A

2.07+0.16A

24.60+1.

ALCO
21.9610.51B

<0.05

2.06+0.12A

1.12+0.06B

<0.05

25.59+1.21A

24.32+0.66A

27.5510.93A

18;1«9

6.7^i0.39A

7.19i0.75A

6.54+0.28A

8.16±0.34A

6.55+0.26A

18: 2w6

15.14±0.54A

15.11+0.26A

16.97+0.46A

15.7110.74A

14.78+0.78A

18:3w6

0.39±0.10

0.26±0.07

0.41±0.06

0.3910.05

0.19+0.02

20:2«)6

0.14+0.01

0.27+0.03

0.13+0.01

0.3010.02

0.30+0.02

20:3u9

0.02±0.01

0.04+0.01

0.03+0.01

0.0410.01

--

20:3u>6

0.34+0.04

0.79±0.06

0.41+0.02

0.66+0.07

0.29+0.03

20:4u6

19.95+2.18A

20:5u3

0.35±0.06

0.09+0.03

0.26±0.09

0.1710.09

0.60+0.04

22:4(i)6

0.25+0.04

0.35+0.02

0.44±0.05

0.4410.02

0.53+0.04

22:5a)6

0.83+0.12A

1.03+0.07A

0.82+0.11A

0.7210.07A

0.7010.14A

22:5u)3

0.09+0.01

0.11+0.01

0.16+0.02

0.1610.02

0.22+0.04

22:6a)3

0.84+0.26

1.41+0.19

1.17+0.12

1.3410.14

1.20+0.13

22.79+0.76A,B

P

21.62±1.05A,B

22.1910.71A,B

24.46+0.76B

•

<0.05

Mean i SEM of 6 observations.
A,®Means with the same letter are not significantly different

(Duncan's multiple range test).
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TABLE 15
MEAN* FATTY ACID COMPOSITION OF TESTES TOTAL LIPID (AS PERCENT OF TOTAL FATTY ACIDS)

Fatty Acid

16:0

ZDTL

38.2713.51A

PFTL

41.64+2.22A,B

ZDCO

PFCO

ALCO

35.8611.14A

46.6212.308

38.0211.15A

P

<0.05

16:lu7

5.0312.41A

3.0611.13A

6.9711.83A

4.9911.88A

l.SeiO.ST4

18:0

4.14±0..78A

5.5310.77A

6.06il.58A

5.3410.26A

4.5510.26A

18:lu9

30.76±3.95A

12.47i0.83B

15.2112.24B

12.24 1 0.608

16.5411.22°

<0.05

18:2u6

3.61±0.38A

5.3210.70A,B

4.33il.04A,B

6.2210.368

<0.05

18:3u>6

0.20+0.07

0.75+0.67

0.2810.03

--

0.3210.06

18:3u3

2.86+1.43

2.17+0.12

1.62+0.74

. 1.4310.36

1.5210.67

0.1310.01

0.3510.10

0.18+0.06

0.7910.34

20:2u6

a n
5.1110.24 ’

20:3u9

--

0.0210.00

--

0.0110.00

0.06+0.01

20:3u6

0.8910.20

0.8710.08

1.3010.31

0.9010.09

0.9010.18

20:4u6

9.4411.25A

12.5910.87A

12.5412.03A

11.5510.74A

13.0811.42A

20:5u3

1.0510.27

0.7710.27

2.0210.34

0.3110.04

0.2810.07

2 2: 4qj6

1.3010.38

0.9710.15

1.3510.35

1.0610.68

1.6810.19

22:5u)6

4.3411.3lA

11.93il.58B

4.30il.43A

11.3110.92B

13.9111.34°

22:5u3

0.3510.10

0.51+0.19

0.7010.29

0.1810.06

0.4710.18

22:6d)3

1.1010.22

1.6110.38

1.84+0.52

0.67+0.07

1.7310.38

*

Mean ± SEM of 5-6 observations.

A ’°Means with the same letter are not significantly different

(Duncan's multiple range test).

<0.01

TABLE 16
MEAN* FATTY ACID COMPOSITION OF TESTES PHOSPHOLIPID (AS PERCENT OF PHOSPHOLIPID FATTY ACIDS)

Fatty Acid

16:0
16: lu>7

ZDTL

45.21±1.75A
2.05±1.04A

PFTL

55.0811.51B

PFCO

ZDCO

43.34+1.98A

56.39i0.498

ALCO

59.7012.54°

P

<0.01

1.3510.12A,B

0.6210.56B

1.5310.23A,B

1.67+0.30^°

<0.05

18:0

10.96±0.68A ,

8.06+0.48°

8.4610.95B

8.5510.488

9.8810.33A,B

<0.05

18: 1uj9

13.84i0.43A

9.7410.38°

U.97i0.62B

9.0910.19°

8.2510.93°

<0.05

18:2(o6

4.5810.71*

3.80i0.24A,B

4.4710.19A

3.7610.14A,B

3.2110.37°

<0.05

18:3w6

0.38+0.18

0.1610.04

0.3810.18

0.02+0.01

--

18:3(0 3

--

0.0410.01

--

0.0410.02

0.0610.04

20:2w6

0.1010.02

0.1610.02

0.17+0.02

0.1210.01

0.1710.01

20:3u9

0.19+0.14

0.0610.02

--

--

--

20:3u6

0.84+0.15

0.6010.04

1.0510.01

0.6510.02

0.4810.06

20:4u6

15.77+1.68A

10.3510.43°

19.9211.16A

9.6110.50B

8.86+0.52°

20:5id3

0.86+0.13

0.1810.06

0.7110.17

0.1010.06

--

22:4d)6

1.0010.21

0.6910.06

1.4010.15

0.5710.07

0.60+0.04

22:5u6

3.8511.09A,C

7.2610.33B

3.7710.50A

5.9710.17B,°

4.74+0.90A,C

22:5u)3

0.7610.31

0.1210.01

0 .6610.22

0.2110.11

0.1010.01

22:6id3

1.2710.48A

3.2210.21°

1.73i0.55A,B

3.4610.47B

3.29+0.80°

*Mean ± SEM of 5-6 observations.
A,B,°Means with the same letter are not significantly different

(Duncan's multiple range test).

<0.05

<0.05

<0.05
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difference in 20:4co6 levels in testes total lipids

(Table

15).

levels of

However,

in testes phospholipids

(Table 16),

20:4a)6 were significantly greater in both zinc deficient
groups compared to controls
ZDCO,

10.35,

(15.77 and 19.92% in ZDTL and

9.61 and 8.86 in PFTL, PFCO and ALCO,

respectively).

The levels of 20:4 cj6 were not affected by

20:5o6 supplementation and there was no effect of the
interaction between dietary zinc and 22:5a)6 (Table 17).
Docosapentaenoic acid levels were significantly lower
in the zinc deficient groups compared to pair fed controls
in both testes total lipid (P<0.01) and phospholipid
(P<0.05).

As previously noted,

only dietary zinc level and

not 22:5u6 intake had a significant effect on 22:5oi6 in
testis lipids.

There was no effect due to the interaction

between these two sources of variation (Table 17).
It is interesting to note that there were significant
differences in the levels of 22:6w3 in liver total lipid and
testis phospholipid.

While this fatty acid is not c on

sidered an important 22 carbon fatty acid in rat testis,
is the major one in human testis
cantly higher levels
deficient rats,

(P<0.01)

(45).

it

Despite signifi

in liver total lipid in zinc

the phospholipids in testes of zinc

deficient rats contained significantly lower (P<0.05)
of 22:6 uj3 compared to controls.

levels

It is possible that the

fatty acid composition of human testes are also altered by
zinc deficiency.
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TABLE 17
ANALYSIS OF VARIANCE
SELECTED FATTY ACIDS IN TESTIS

Variable

Source of Variation

20:4u)6 in Testis
Total Lipid

Zinc level in diet
20:5(d3 level in diet
Zinc x 22:5a)3

22:5oi6 in Testis
Total Lipid

Zinc
22: 5<i)6
Zinc x 22:5co6

31.47
0.07
0.05'

20:4(o6 in Testis
Phospholipid

Zinc
22:5u)6
Zinc x 22:5u)6

35.36
1.55
4.03

22:5(d 6 in Testis
Phospholipid

Zinc
2 2 :5(d 6
Zinc x 22:5a)6

17.39
0.97
1.00

«fc

Significant at the 0.01 level of probability.

F Value
0.73
0.66
2.66
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There were no significant differences in liver lipids
between zinc deficient and pair fed controls in the levels
of any of the major unsaturated fatty acids

(Table 13, 14).

This implies no differences in the activities of liver
desaturases because of any differences between the feeding
patterns of zinc deficient and pair fed rats.

This

eliminates the possibility that differences in fatty acid
levels in the testis between zinc deficient and pair fed
controls,

could be due to a "meal effect."

Docosapentaenoic acid supplementation was used to
determine if some of the symptoms of zinc deficiency in the
rat testes could be alleviated.

If they were,

it would be

possible to conclude that the effect of zinc deficiency in
the testis is partially mediated through an effect on 22:5w6
synthesis.

It has already been shown that 22:5u>6 supplemen

tation did not result in differences in PG levels or in
fatty acid composition,
and PFCO groups.

either between ZDTL and ZDCO or PFTL

Analysis of variance showed that neither

22:5u>6 nor the interaction between zinc and 22:5 uj6 had any
significant effect on PG or fatty acid levels in testes
(Tables 11, 17 and 18).
There was no effect,
testis function.

due to docosapentaenoic acid, on

Sperm counts were used as a measure of

testis function (Table 19) and zinc deficient rats had
significantly (P<0.01)
expected (21).

lower sperm counts than controls,

as

ZDTL had a higher mean sperm count than ZDCO

but the difference was not statistically significant.

75

TABLE 18
ANALYSIS OF VARIANCE
PROSTAGLANDIN LEVELS (NG/GM) IN TUNICA

Variable

Source of Variation

6-keto-PGFj
(0 min.)

Zinc level in diet
22:5(d6 in diet
Zinc x 22:5a)6

6-keto-PGF.
(30 min.) 01

Zinc
22:5co6
Zinc x 22:5u)6

11.52
0.02
1.14

PGE
(0 min.)

Zinc
22:5u)6
Zinc x 22:5(i)6

1.25
0.00
1.20

PGE
(30 min.)

Zinc
2 2 :5(d 6
Zinc x 22:5a)6

10.90
0.79
1.27

F Value
3.16
0.09
3.31
**

**

Significant at the 0.01 level of probability.

TABLE 19
k

MEAN

f\

SPERM COUNTS (xlO )

ZDCO

PFTL

ZDTL

PFCO

ALCO

P

Spermatids/gm of
testis parenchyma

5.90±4.76A

73.06±3.94B

1.46+0.60A

75.4913.75B

81.9013.65B

<0.01

Spermatids/total
testis parenchyma

4.49±3.84A

112.47±8.02B

0.77±0.36A

117.33112.33B

134.98+6.29B

<0.01

k

Mean ± SEM of 6 observations.

A,BMeans with the same letter are not significantly different
ZDTL -

Zinc deficient, testes lipid diet.

PFTL -

Zinc sufficient, testes lipid diet pair fed

ZDCO -

Zinc deficient, corn oil diet.

PFCO -

Zinc sufficient, corn oil diet pair fed toZDCO.

ALCO -

Zinc sufficient, corn oil diet fed ad lib.

(Duncan's multiple range test).

to ZDTL.

'.j
O'
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Analysis of variance
sperm counts due to

(Table 20) did not show any effect on
2 2 : 5 (

d6

or the interaction between zinc

and 22:5o)6.
Similar results were obtained with testis size (Table
5).

ZDTL had a slightly greater mean testis weight, but the

difference was not statistically significant.
variance

Analysis of

(Table 20) did not show any effect on testis size

due to 22:5<d 6 or the interaction between zinc and 22:5o)6.
The only testis variable that was influenced by 22:5o)6
supplementation was testis zinc level (Table 4).
significantly higher
11.19 ppm).

(P<0.05)

ZDTL had

levels than PFCO (14.50 vs.

PFTL had significantly higher (P<0.05)

than PFCO (22.20 vs.

18.84 ppm).

levels

Although both zinc and

22:5o)6 had significant effects on testis zinc, there was no
effect due to the interaction between the two (Table 20).
Therefore, no conclusions can be reached about the
contribution of low 22:5<u6 levels to the zinc deficiency
syndrome in the rat testis.

Since even testis 22:5a)6

concentration was unaffected,

it can be concluded that the

level of supplementation used was too low.

While this is

the first known experiment involving feeding 22:5u)6, there
have been other studies in which dietary lipids were altered
to modify testis function.

Brenner et al.

(100) found that

100 mg of ethyl a rac hi d o n a t e , administered orally, prevented
the atrophy of the testes and seminal vescicles in the
alloxan diabetic rat.

This showed that the decrease in

fatty acid desaturase activity,

due to lack of insulin, was
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TABLE 20
ANALYSIS OF VARIANCE
SELECTED TESTIS VARIABLES

Variable

Source of Variation

F Value

Testis wt.
(gps)

Zinc level in diet
22:5^6 level in diet
Zinc x 22:5^6

266.79
0.09
0.80

Testis wt.
(X of body wt.)

Zinc
22: 5co6
Zinc x 22:5w6

100.87
1.19
2.52

Testis zinc
(ppm)

Zinc
22:5w6
Zinc x 22:5oj6

55.11
10.44
0.00

Spermatids/gm

Zinc
22: 5oi6
Zinc x 22:5cj6

377.81
0.08
0.89

Spermatids/
testis

Zinc
22:5w6
Zinc x 22:5a)6

232.71
0.01
0.34

■jck

Significant at the 0.01 level of probability.
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the principal cause of testicular atrophy in diabetic rats.
If zinc deficiency was having a similar effect on the testis
by causing a decrease in the activity of the a4 desaturase,
required to convert

2 0 : 4

uj 6

to

2 2 :5 0 )6 ,

it should be possible

to observe a difference in the testes of zinc deficient rats
supplemented with

2 2 : 5

oj6

.

While testis weights and sperm

counts were higher in the zinc deficient rats supplemented
with
cant.

2 2 :5 o )6 ,

these trends were not statistically signifi

To determine the contribution,

if any, of low

2 2 :

5^6

levels to the symptoms of zinc deficiency in rat testis,

it

will be necessary to supplement the diets of zinc deficient
rats with at least

5%

2 2 : 5 o 6

(percent of total fatty acids).

This would be difficult unless a commercial source of this
fatty acid becomes available.
Recently Walldius et a l . (101) reported that,

in two

adolescent patients wit h acrodermatitis enteropathica,
linoleic acid levels in serum lipids were decreased on a low
dose of zinc and increased when the zinc dose was high,
leading the authors to conclude that zinc was important in
linoleic acid metabolism.

This study found that PG levels

in testis parenchyma were altered, possibly due to altered
levels of arachidonic acid in zinc deficient rats.

The

influence of zinc on fatty acid metabolism needs further
investigation as alterations in levels of essential fatty
acids could lead to altered levels of prostaglandins.

SUMMARY AND CONCLUSIONS

It had been suggested that zinc may play a role in
lipid metabolism, particularly the metabolism of essential
fatty acids
glandins

(EFA) which serve as precursors of prosta

(PGs).

observations.
symptoms.

This suggestion was based on the following
Both zinc and EFA deficiency had similar

Aspirin,

an inhibitor of PG synthesis, has

effects similar to that of zinc deficiency in male and
female rats.

Platelet aggregation was abnormal in zinc

deficient rats and humans possibly due to defective
arachidonic acid metabolism.
Hypogonadism is a prominant feature of severe zinc
deficiency in the males of many species.

Also,

it was

reported that arachidonic acid (20:4o6) is increased and
docosapentaenoic acid (20:5w6) is decreased in the testes of
zinc deficient rats,

suggesting that synthesis of PGs might

be affected as precursor levels affect PG synthesis.
Therefore,

one objective of this study was to determine if

levels of PG E0 and 6-keto PGF,
(the metabolite of PGI0 ) are
z
la
z
altered in the testes of zinc deficient rats.

An additional

objective was to determine if the low levels of 22:5u>6 are
the cause of some of the symptoms of zinc deficiency in the
testes.

This was accomplished by feeding three groups of

rats eggwhite and corn oil based semi-purified diets.

One

group was fed a zinc deficient diet (<1 ppm zinc) and the
second a zinc sufficient diet (100 p p m ) .
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The third group
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was pair fed the zinc supplemented diet.

The diets of half

the rats in the zinc deficient and pair fed groups were
supplemented (1%) with a fatty acid mixture containing
approximately 12% 22:5oj6 , obtained from dog and pig testes.
Zinc deficiency resulted in significantly lower body
weights, plasma zinc,

testes weights,

testis zinc and tunica

and parenchyma protein levels compared to pair fed and ad
lib fed controls.
no effect,

Docosapentaenoic acid supplementation had

except on testis zinc concentration.

In the testicular capsule or tunica, 6-keto-PGF-^ lev
els

(ng/gm) were significantly lower in the zinc deficient

rats compared to controls,

after incubation at 3 7 °C.

PGE^

levels were lower, but the difference was not statistically
significant.

However, when PG concentrations were expressed

as ng/mg of tunica protein there was no difference between
groups.

This indicates that differences in PG levels in

tunica were due to differences in protein levels.
In the testis parenchyma,

zinc deficient groups had

higher levels of 6-keto PGF^a and amounts in all groups
decreased after incubation.

PG E2 levels were also higher in

the testis parenchyma of zinc deficient rats and amounts
increased slightly during incubation.

The higher PG levels

in the zinc deficient group is possibly due to the increased
levels of 20:4a)6 in the testes of zinc deficient rats.

It

could also be due to lower levels of the enzymes required to
degrade PGs as parenchyma protein is also decreased.

PG

synthesis was greater in tunica compared to the parenchyma
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and in both tissues 6-keto-PGF^a levels were much higher
than those of PGE2 .
Docosapentaenoic acid supplementation had no effect on
PG levels in tunica or testis.
effect on

2 2 :5 a )6

sperm counts.
affected,

It also had no significant

concentration in testes,

Since

22:5u>6

testis weight or

levels in testes were not

it was concluded that the level of

2 2 : 5 w 6

supple

mentation was too low to be able to determine if some of the
symptoms of zinc deficiency in the testes are mediated
through an effect on 22:5 oj6 synthesis.
It was also concluded that while zinc deficiency
affects PG levels in testes and tunica it was due to an
indirect effect of zinc on protein and/or fatty acid levels
and not due to a direct effect on PG synthesis or m e t a b 
olism.
This study also leads to the conclusion that PGI2
(prostacyclin)

is the PG produced in highest amounts by the

testicular capsule and parenchyma and probably has an
important role in that organ.

Another conclusion reached

was that a major function of the tunica is PG synthesis as
it was found to synthesize PGs in amounts much larger than
the parenchyma and also contain appreciable amounts of the
PG precursor, arachidonic acid,
fraction.

in the phospholipid
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